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Poor diet constitutes a key risk factor for the development of non-communicable disease 
(NCD). Despite numerous policy actions being in place, WHO’s public health goal of a 25% 
relative reduction in premature mortality risk from NCDs by 2025 still seems out of reach. 
This calls for a reorientation of policy efforts that integrate consumer insights and create 
public demand for improved food choice. This dissertation seeks to explore and explain 
consumers’ food-related attitudes and behaviours, as well as stakeholders’ views, using two 
case studies: Case study 1 – health claim regulation to promote more informed food choice 
by ensuring the scientific soundness of health claims on food products; Case study 2 – 
product reformulation to develop improved processed meat products by replacing nitrite 
with phytochemicals, in an attempt to inform future development of these policy actions.  
Each case study is reported in three chapters representing three phases of development, 
namely exploration of views, elaboration of underlying determinants, and evaluation of 
resulting outcomes. This work presents originality, both in terms of empirics and 
methodologies, and adopts an interdisciplinary approach that bridges the gaps between 
food and consumer economics, marketing and public health nutrition. An infographic is used 
to explain the long-term goal of this work in a food system. The food system is an 
interconnected network of different actors, such as the governments, industries and 
consumers, it represents a macro-perspective. Behavioural theories are used to explain why 
particular links occur among consumers, which represent a micro-perspective. 
With regard to health claims on the European food market (case study 1), health claims have 
been perceived as moderately familiar, understandable and credible by consumers. 
However, health claim use is moderate and not consistently linked to health relevance, 
meaning that the primary target market has not been well penetrated. Underlying 
determinants of health claim use were then elaborated. Motivation emerged as a key driver 
of health claim use, while ability and knowledge only play a minor role, contrary to the 
emphasis of consumer understandability anticipated in the regulation. Based on stakeholder 
evaluation, policy priority should focus on improving consumer motivation and interest in 
healthy eating by adopting appropriate communication strategies, such as using innovative 
ways to change the possible negative association between healthiness and tastiness. 




As regards the reformulated meat products (case study 2), the concept of replacing nitrite 
with phytochemicals was generally welcomed by stakeholders and consumers, in spite of the 
limited consumer knowledge about nitrite. While the main technological challenge is related 
to sensory characteristics; the communication challenges pertain to matching consumers’ 
perceptions with facts about ingredients and the credibility of meat healthiness. 
Communication strategies have to be tailored for different consumer segments according to 
their interests. Based on consumers’ evaluation of prototypes, the reformulated meat 
products are acceptable or even appealing to consumers in terms of sensory aspects, 
although there was room for further improvement on certain attributes. Consumers’ 
willingness-to-pay for the reformulated meat products points out a crucial success factor in 
future development, in which the taste of a product must meet or exceed the sensory 
expectations raised by its appearance and associated marketing communication.  
The research findings are incorporated into the framework of Andreasen’s six criteria of 
social marketing as analytic generalization, so as to uncover the big picture for a more 
structured and applicable empirical contribution that reports the status quo and guides 
future research. The two case studies highlight a dilemma that questions the objective of 
health claim regulation in fostering food innovation, which has been demonstrated in the 
case of reformulated processed meat products. Instead of promoting food products as solely 
healthy which may create a ‘health halo’, or as solely unhealthy which may put vulnerable 
groups at risk, future policy efforts should aim to increase consumer interest in healthy 
eating in the context of a balanced diet, in order to align consumer protection issues with 




















Slechte eetgewoonten zijn een belangrijke risicofactor voor de ontwikkeling van niet-
overdraagbare, levensstijl-gerelateerde, of welvaartsziekten. Ondanks aanzienlijke 
beleidsinspanningen blijft er nog een lange weg af te leggen om de doelstelling te halen die 
de Wereldgezondheidsorganisatie (WHO) vooropstelde, met name om het risico op 
vroegtijdige sterfte als gevolg van welvaartsziekten met 25% te verminderen tegen 2025. 
Een heroriëntatie van het beleid dringt zich bijgevolg op, waarbij inzichten op het niveau van 
consumenten geïntegreerd worden, evenals de maatschappelijke vraag naar een betere 
voedselkeuze gestimuleerd wordt. Dit proefschrift bestudeert en zoekt verklaringen voor 
voedsel-gerelateerde houdingen en gedragingen van consumenten en standpunten van 
belanghebbenden aan de hand van twee gevalstudies. De eerste gevalstudie gaat over de 
richtlijn met betrekking tot gezondheidsclaims die als doel heeft om tot een beter 
geïnformeerde keuze te leiden door de wetenschappelijke correctheid van 
gezondheidsclaims op voedingsmiddelen te waarborgen. De tweede gevalstudie gaat over 
de herformulering van voedingsmiddelen, meer bepaald het geval van vleeswaren waarin 
nitriet vervangen wordt door zogenaamde “phytochemicals”. Beide gevalstudies beogen het 
informeren van de toekomstige ontwikkeling van beleidsinspanningen ter verbetering van de 
volksgezondheid door een betere voedselkeuze. 
Elke gevalstudie wordt uitgediept in drie hoofdstukken die elk ingaan op een bepaalde fase 
van de ontwikkeling of vorming van beleid, namelijk de verkenning van standpunten, de 
uitwerking van achterliggende determinanten, en de evaluatie van de resultaten. Het 
onderzoek is vernieuwend op het vlak van empirische resultaten en de combinatie van 
onderzoeksmethoden, en maakt gebruik van een interdisciplinaire aanpak die een brug slaat 
tussen voedings- en consumentengedragseconomie, marketing, en nutritionele aspecten van 
volksgezondheid. Het doel van dit onderzoek op lange termijn is. De lange termijn bijdrage 
van dit doctoraat voor een voedselsysteem wordt geïllustreerd aan de hand van een 
infographic. Het voedselsysteem bestaat uit een netwerk van sterk met elkaar verbonden 
actoren, zoals de overheid, industrie en consumenten, en stelt het macro-standpunt voor. 
Theorieën uit de gedragswetenschappen worden gebruikt om verbanden tussen 





Gezondheidsclaims op de Europese markt (gevalstudie 1) worden geëvalueerd als matig 
bekend, matig verstaanbaar en matig geloofwaardig door consumenten. Het gebruik van 
gezondheidsclaims is eveneens matig en niet consistent gelinkt met het belang dat 
consumenten hechten aan gezondheid. Dit resultaat suggereert dat de primaire doelmarkt 
niet voldoende bereikt wordt. Bij het bestuderen van de achterliggende determinanten van 
het gebruik van gezondheidsclaims kwam persoonlijke motivatie naar voor als de 
belangrijkste drijfveer, terwijl de mogelijkheid om gezondheidsclaims te gebruiken en de 
kennis van de consument slechts een beperkte rol speelden. Dit staat in contrast met de 
klemtoon die in de regelgeving gelegd wordt op de verstaanbaarheid van gezondheidsclaims 
door consumenten. Op basis van de evaluatie door belanghebbenden dient de prioriteit 
inzake beleidsinspanningen te liggen op het versterken van de persoonlijke motivatie van 
consumenten evenals van hun interesse in een gezond eetpatroon. Passende 
communicatiestrategieën dienen hiervoor uitgewerkt te worden, zoals het gebruik van 
vernieuwende manieren om de mogelijke negatieve associatie tussen gezondheid en smaak 
bij consumenten tegen te gaan. 
Het concept om nitriet te vervangen door “phytochemicals” in vleeswaren (gevalstudie 2) 
werd over het algemeen positief onthaald door belanghebbenden en consumenten, ondanks 
het feit dat deze laatsten een zeer beperkte kennis hadden over nitriet. De belangrijkste 
technologische uitdaging situeert zich op het vlak van de sensorische eigenschappen. Het in 
overeenstemming brengen van consumentenpercepties en feiten over ingrediënten en de 
geloofwaardigheid van de gezondheid van vlees is een belangrijke communicatie-uitdaging. 
Communicatiestrategieën dienen te worden afgestemd op verschillende 
consumentensegmenten in overeenkomst met hun specifieke interesses. Op basis van de 
evaluatie van prototype-producten, werd besloten dat de geherformuleerde vleeswaren 
aanvaardbaar zijn, en op het vlak van sensoriek zelfs aantrekkelijk zijn voor consumenten. 
Niettemin blijft er ruimte voor verbetering op bepaalde kenmerken. De betalingsbereidheid 
voor de geherformuleerde vleeswaren duidt op een kritische succesfactor bij de toekomstige 




overeenstemmen met, of zelfs beter uitvallen dan de verwachtingen die gecreëerd worden 
door het uitzicht van de producten of de gevoerde marketingcommunicatie. 
De resultaten van het onderzoek worden geïntegreerd in het raamwerk van Andreasen’s zes 
criteria voor sociale marketing als analytische generalisatie, met als doel om het bredere 
perspectief te schetsen voor een meer gestructureerde en praktisch toepasbare empirische 
bijdrage die de stand-van-zaken weergeeft evenals richtlijnen voor toekomstig onderzoek. 
De twee gevalstudies onderstrepen een dilemma dat het doel in vraag stelt van enerzijds de 
regelgeving inzake gezondheidsclaims en anderzijds innovatie in de voedingssector, zoals 
aangetoond in het geval van geherformuleerde vleeswaren. Toekomstige 
beleidsinspanningen dienen zich te richten op het bevorderen van de interesse in een 
gezond en evenwichtig eetpatroon bij consumenten, eerder dan eenvoudigweg het 
promoten van voedingsmiddelen als gezond (opdat ze als gezond gepercipieerd zouden 
worden) of ongezond (waardoor bepaalde kwetsbare bevolkingsgroepen mogelijk risico 
lopen). Op die manier kunnen aspecten met betrekking tot consumentenbescherming, 
















Chapter 1  
2 
 
1.1 General introduction  
‘You are what you eat’ coined by the well-known food writer Jean Anthelme Brillat-
Savarin remains famous two centuries later, as food choice and diet are intrinsically 
important for human health. Endorsed by the World Health Assembly, the WHO Global 
Action Plan for the Prevention and Control of Non-communicable Diseases (NCDs) 
2013–2020 has set the target of a 25% relative reduction in the risk of premature 
mortality from NCDs by 2025 (WHO, 2013). While the deadline for this very modest 
target is only a few years away, and numerous policy actions have already been in 
place to tackle this issue, ‘business as usual’ seems unlikely to bring sufficient progress 
(Kontis et al., 2015). This calls for wide-ranging actions, amongst which, a reorientation 
of policy efforts that integrates consumer-driven approaches to create public demand 
for an improved food environment is required to make a difference in food choice and 
ultimately public health (Dibb & Carrigan, 2013; Huang et al., 2015).  
Poor diet is a major risk factor for most NCDs (Hyseni et al., 2017). Among the 
comprehensive menu in the report (WHO, 2013), one of the policy options is to 
promote a healthy diet by using evidence-informed social marketing initiatives to 
inform and encourage consumers about healthy dietary practices. Based on the list of 
definitions compiled by Lee and Kotler (2015), social marketing can be defined as an 
approach that seeks to develop and integrate marketing concepts with other 
disciplines to influence behaviours that improve the health or well-being of the target 
individuals and communities for the greater social good. Two important examples are 
(1) using health-related messages on food products in accordance with regulations 
that protect consumers, and (2) developing foods that are regarded as relatively 
healthy (Aschemann-Witzel et al., 2012). Successful social marketing initiatives require 
both upstream and downstream efforts to create common values supported by actors 
from the grassroots level to decision makers. Multi-stakeholder approaches involving 
policy makers, governments, food industry and consumers can potentially leverage 
their key resources and create an environment with improved food choices that are 
available, accessible, attainable and acceptable to consumers (Aschemann-Witzel, 
2015; Traill et al., 2010). As consumers’ motivation to consider health while making 
food choices tends to be a bottleneck in social marketing efforts (Grunert et al., 2012), 
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this doctoral dissertation seeks to explore and explain consumers’ food choice 
behaviours and stakeholders’ views based on two case studies, so as to provide 
insights for the future development of policy actions. 
 
1.2 Scope and relevance of the topic 
This dissertation serves to inform the development of two existing food policy actions 
that employ social marketing efforts, but does not constitute the development of new 
policy actions. Two case studies are elaborated based on a series of consumer and 
stakeholder studies: (1) health claim regulation to promote more informed food 
choice; and (2) product reformulation to develop food products that are considered 
relatively healthy. Both cases also aim to create a more healthful food environment for 
consumers by incentivizing or pressuring food industries to make their products 
healthier.  
The title of the dissertation states ‘improved food choice’ instead of ‘healthier food 
choice’, as healthiness is only one of the many aspects of improvement. Healthiness of 
foods is also inevitably controversial. For example in case study 1, foods carrying 
health claims were found to have only a marginally better nutritional composition than 
those without such claims (Kaur, Scarborough, Hieke et al., 2016b). Yet well-
substantiated health claims can, in theory, support informed food choice (van buul & 
Brouns, 2015) and help consumers to identify foods or food components with the 
relevant health benefits (Dean, Lampila, Shepherd et al., 2012). For the other case 
study, product reformulation aims to improve the specific composition of the foods. 
Although reformulated food products may not always be significantly healthier, the 
initiative itself results in a new variety of products or new product technologies 
intended to benefit consumers, and aids consumers in bringing their diet more in line 
with dietary recommendations (Obermoser, 2011; van Raaij et al., 2009). The new 
array of reformulated processed meat products are also expected to possess the same 
or better sensory attributes, as well as potentially higher level of perceived naturalness 
that gives food pleasure. As ‘improved food choice’ does not limit to healthiness, but 
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also includes the aspects of product information, variety, and food pleasure. Hence, it 
is justifiable to describe these case studies as initiatives to improve food choice. 
The two case studies represent the two main approaches of social marketing 
(Aschemann-Witzel et al., 2012), namely (1) using health-related messages on food 
products in accordance with regulations that protect consumers (Case study 1), and (2) 
developing foods that are regarded as relatively healthier (Case study 2). The two case 
studies are not directly linked but share several similarities in terms of the behavioural 
theories (c.f. section 1.4 theoretical frameworks). Meanwhile they highlight a dilemma 
that questions the objective of Case study 1 – health claim regulation in fostering food 
innovation, which has been demonstrated in Case study 2 – reformulated processed 
meat products. The dilemma and further insights related to the two case studies will 
be discussed in Chapter 8. 
 The geographic focus of these two cases is within the European Union (EU), as all 
studies covered in this dissertation were funded by the European Commission (EC) 
within the 7th Framework Programme.  
 
1.2.1 Case study 1 – Health claim regulation 
Case study 1 is based on the CLYMBOL project – ‘Role of health-related claims and 
symbols in consumer behaviour’. The new regulation EC 1924/2006 has been 
implemented in the EU to harmonise the rules governing the use of nutrition and 
health claims on food and drink products to ensure a high level of consumer 
protection. ‘Claim’ means any message or representation, which can be textual, 
pictorial or symbolic, that suggests or implies a particular characteristic of food (EC, 
2006b). ‘Health claim’ in this chapter and Chapter 8 refers to any form of claim, while 
‘health claim’ in Chapter 2 and 3 refers only to textual claims and ‘health symbol’ in 
Chapter 4 refers to a symbolic claim. All textual health claims have to be substantiated 
by solid scientific evidence and evaluated by the European Food Safety Authority 
(EFSA). However, from a scientific perspective, simply making health claims and 
symbols available on products is insufficient. The actual effects depend upon the 
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interaction with consumers and their resulting behaviours (Grunert & Wills, 2007; 
Hieke et al., 2012). Therefore, the objectives of CLYMBOL were to understand the 
effects of health claims and symbols on purchase and consumption behaviour through 
a comprehensive range of empirical and methodological studies, from interviews, 
online surveys, laboratory experiments, and in-store tests to econometric modelling of 
household panel data and product sampling. By this means, actionable implications 
and recommendations can be derived for different stakeholders (Hieke et al., 2015). 
This case study is denoted as ‘health claim regulation’ in the title of the dissertation. It 
covers consumers’ perceptions and use of health claims, as well as the underlying 
determinants, and also summarizes all findings of the consumer studies within 
CLYMBOL, so as to formulate evidence-based policy recommendations, which have 
been evaluated and prioritised by European stakeholders, aiming to guide future policy 
development that aligns consumer protection issues with public health and food 
marketing communication interests.  
1.2.2 Case study 2 – Product reformulation 
Case study 2 is based on the PHYTOME project – ‘Phytochemicals to reduce nitrite in 
meat products’. It is referred to as food reformulation in the title. Food reformulation 
usually refers to the reduction of salt levels or caloric content i.e. saturated fat, trans-
fatty acids, and/or added sugar, in the context of public health policy actions (EC, 
2007), but this case study goes beyond nutritional properties and focuses on reducing 
the potentially harmful ingredient nitrite in processed meat products. This is less 
straightforward in pursuing a public health goal compared to Case study (1), as the 
health effects of nitrite remain controversial in terms of the dosage contained in 
processed meat products (Abid et al., 2014; Bedale et al., 2016; Bryan et al., 2012; 
IARC, 2015). Current acceptable daily intake (ADI) of nitrite is 0.07 mg/kg bw/day. The 
intake of nitrite added during meat processing may result in the formation of 
carcinogenic N-nitroso compounds in the stomach and large intestine in the presence 
of amino acids (Herrmann, Duedahl-Olesen, & Granby, 2015). EU legislation strikes a 
balance between the risk of the formation of carcinogenic nitrosamines through the 
presence of nitrite in meat products and the protective effects of nitrite against the 
multiplication of harmful bacteria. EFSA advises that nitrite should only be added to 
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foods at the minimum level required to achieve the necessary preservative effect and 
within the maximum limits stated in the Directive 2006/52/EC (EC, 2006a). Meanwhile, 
biologically active compounds present in plant extracts (phytochemicals) exhibit a 
strong antimicrobial and antioxidant capacity (Surh, 2003). These could be a substitute 
for nitrite without hampering microbiological safety. Phytochemicals also demonstrate 
health promoting efficacy, which potentially protects the human gut from adverse 
health effects by reducing the formation of carcinogenic N-nitroso compounds, such as 
nitrosamines (de Kok et al., 2008). Therefore, PHYTOME aims to develop new meat 
processing technologies, which result in innovative meat products with significantly 
reduced nitrite levels that also contribute to improved gut health. The human 
intervention studies within PHYTOME have shown that adding phytochemicals to meat 
products could reduce the exposure of the large intestine to apparent total N-Nitroso 
compounds (ATNC), and the reduction of nitrite in processed meat products further 
reduces the formation of ATNC (de Kok et al., 2015). This suggests that processed meat 
products with reduced nitrite levels and added phytochemicals (henceforth referred to 
as ‘reformulated meat products’) could be regarded as healthier compared to 
conventional processed meat products. The term ‘phytochemicals’ is consistently 
expressed as ‘natural extracts’ or ‘plant extracts’ in consumer studies in this 
dissertation to avoid confusion for the participants.  
Despite the growing trend in consumers opting for healthier and more natural meat 
products (Verbeke et al, 2010), acceptance cannot be taken for granted as consumers 
often express uncertainty about the health impact of reformulated meat products (De 
Barcellos et al., 2010; Verbeke et al., 2015). Therefore, this case study covers 
stakeholders’ and consumers’ views on the product concept, the determinants 
underlying consumers’ acceptance towards the reformulated meat products and 
willingness-to-pay (WTP) based on the evaluation of product prototypes’ sensory 
attributes and the corresponding information, yielding realistic and concrete directions 
for future reformulated meat product development and improvement.  
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1.3 Dissertation structure and outline 
Each case study is reported in three chapters that cover three phases of development 
in a learning cycle, namely exploration, elaboration and evaluation (Bybee, 2014). 
Different types of research are required to inform the development of a social 
marketing initiative during different phases (Croyle, 2005). In the exploration and 
elaboration phases, formative research is conducted to study consumers’ needs and 
wants, and to understand what supports the target behaviour. In addition, competitive 
research is used to examine competing forces to the target behaviour, and how it is 
shaped by the socio-economic or physical environment. Finally, in the evaluation 
phase, summative research determines whether the objectives have been achieved by 
evaluating the outcomes. Table 1.1 summarizes the structure of this dissertation based 
on the two case studies and general research questions in the three learning cycle 
phases. The structure of this dissertation, and the six result chapters, are outlined in 
this section. 
1.4.1 Exploration phase 
The exploration phase differs between the two cases, as the social marketing 
initiatives are at different stages of development. Health claim regulation (in case 
study 1) has already been in place for a decade and numerous studies have explored 
consumers’ reactions or perceptions towards health claims on food products. Hence, 
Chapter 2 briefly explores how consumers perceive different regulated health claims. 
It represents a first attempt to include a considerably extensive list of examples (17 
health claims) that cover various health outcomes in 10 European countries. It also 
investigates whether health claims have been used by the primary target market, 
which is defined as consumers who, or whose household members, have the health 
problems specified in the health claims.  
In contrast, the reformulated meat products with reduced nitrite and added 
phytochemicals (in case study 2) were an innovative concept. The exploration phase 
begins by looking into related actors’ initial reactions. Since food reformulation is 
usually initiated by food producers, both consumers and stakeholders, such as food 
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producers, retailers, legal advisors, etc. were important actors in this step. Therefore, 
Chapter 5 looks into how stakeholders and consumers react towards the concept of 
these reformulated meat products. 
1.4.2 Elaboration phase 
The elaboration phase in the two cases seeks to identify determinants that underlay 
the target behaviour or decision, and profile the target consumer segments. Chapter 3 
examines the role of consumers’ motivation and ability, as well as attitudinal and 
cognitive determinants, in explaining the use of health claims, and profiles health claim 
user segments. Chapter 6 investigates consumers’ attitudes and purchase intentions 
towards the reformulated meat products, identifies the determinants for purchase 
intention, and profiles consumer segments based on their interest in these products. 
1.4.3 Evaluation phase 
The evaluation phase compares the study outcomes to the overall objectives. Chapter 
4 summarizes findings, and formulates policy recommendations and communication 
guidelines based on the results from earlier consumer studies within the CLYMBOL 
project, which are the outcomes subjected to evaluation by various stakeholders, such 
as national food authorities, consumer organisations, food industry, etc. This 
evaluation shows how relevant and feasible these policy recommendations and 
communication guidelines are in practice to support consumers in making informed 
and healthy food choices and to foster industry competitiveness.  
Chapter 7 puts the reformulated meat products to test. The product prototypes 
developed within the PHYTOME project are the outcomes subjected to evaluation by 
consumers. The evaluation demonstrates how successful these prototypes are based 
on the sensory attributes, and the market value revealed by consumers’ willingness to 
pay.   
General introduction, objectives and thesis outline  
9 
Table 1.1 Dissertation structure based on two case studies covering three phases of a learning 
cycle 
 Chapter 1. General Introduction, objectives and outline of the thesis  








Chapter 2. Consumer perceptions of 
health claims on foods and the role 
of health relevance in their use 
 
RQ1: How are health claims 
perceived and has the primary target 
market been reached? 
Chapter 5. Stakeholder and consumer 
reactions towards reformulated meat 
products 
 
RQ6: How is the concept of 
processed meat products with less 
nitrite and added phytochemicals 





Chapter 3. Profiling consumers who 
use health claims: the role of 
motivation and ability  
 
 
RQ2: What are the underlying 
determinants of health claim use? 
RQ3: What are the characteristics of 
consumers who use health claims? 
 
Chapter 6. Profiling consumers who 
are interested in reformulated meat 
products: the role of attitude and 
purchase intention  
 
RQ7: What are the underlying 
determinants of acceptance towards 
the reformulated meat products? 
RQ8: What are the characteristics of 
consumers who are interested in the 








Chapter 4. Stakeholder evaluation of 
evidence-based policy 
recommendations and 
communication guidelines for future 
development of health claims 
 
RQ4: What evidence and 
implications can be derived from a 
wide range of consumer studies? 
RQ5: How meaningful are the policy 
recommendations and 
communication guidelines in terms 
of relevance and feasibility? 
Chapter 7. Consumer valuation of 
reformulated meat products based 
on sensory and credence attributes 
to predict market success 
 
 
RQ9: How successful are the 
reformulated meat products in terms 
of sensory attributes and consumer 
willingness-to-pay? 
 Chapter 8. Discussion and conclusion 
RQ denotes Research Question. The subset of specific research questions are described in Table 1.2.  
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1.4 Theoretical frameworks 
1.4.1 Macro-perspective 
Apart from being grounded in empirical understanding, the development of a policy 
action can be informed by an explicit theory of change by mapping out the logical 
outputs and desired impact, from inputs and activities through to the changes it seeks 
to influence (Breuer et al., 2016). In short, theory of change is an approach that 
describes how and why an initiative works and changes occur, and it is valued as part 
of programme planning and evaluation, as it defines a commonly understood vision of 
the long-term goal (De Silva et al., 2014).  
In this dissertation, the desired impact is to have improved food choice in Europe, thus 
the social marketing initiatives are implemented in the context of a food system. This 
food system signifies an interconnected network that covers three main stakeholders 
i.e. governments, industries and consumers, in relation to the basic supply and 
demand chain for food products, as well as the regulations around it. The connecting 
pathways are visually represented as the inputs and/or activities towards different 
directions and the outputs expected from each stakeholder. The theoretical 
framework and the role of this dissertation are explained in the infographic in Figure 
1.1. Considering the aforementioned two case studies, the contributions are 
characterised as inputs and/or activities between the three actors (governments, 
industries, consumers), allocated to different chapters in this dissertation, whereas the 
other inputs and/or activities are the assumptions of what needs to be in place for this 
food system to yield the outputs and eventually achieve the desired impact. In 
addition, there are other intermediate actors such as retailers, communication centres, 
researchers, etc., which play an important role connecting the three listed actors. This 
denotes the meso-perspective, yet they are not included in this infographic for the 
purpose of clarity. This theoretical framework (Figure 1.1) is considered to be a macro-
perspective that illustrates the impact from an interconnected food system in abstract. 
It is supplemented by the theoretical framework from a micro-perspective, which is 
based on behavioural theories that explain the two case studies why particular links 
occur among consumers (Figure 1.2).   




This behaviour framework (Figure 1.2) was developed based on the dual processing 
hierarchy-of-effects model (adapted from Grunert, 2016) with elements inspired by 
the Elaboration-Likelihood model (ELM) (Petty & Cacioppo, 1986) and Knowledge-
Attitude-Behaviour (KAB) model (Bettinghaus, 1986). The stimuli represent health 
claims in case study 1 and reformulated meat products in case study 2. Upon exposure 
of the stimuli, consumers enter a decision making process which can either be through 
the central route or the peripheral route. The central route is characterised as more 
deliberate that involves conscious effort to assign meaning to the stimuli. If the stimuli 
are perceived, understanding would follow, wherein inference and a relatively 
enduring attitude would then be formed. Motivation and ability to process the 
information (Petty & Cacioppo, 1986), as well as involvement in the products (Verbeke, 
2008) are prerequisites for the central route. On the other hand, the decision making 
process can also be based on habit, or an unconscious process, in which the stimuli 
elicit affective responses such as liking, yet the formed attitude would be relatively 
temporary. In this dissertation, relations between different components in consumers’ 
decision making process and the decision outcomes are tested. However, the results 
do not distinguish which of the two processing routes has been taken. While Table 1.1 
has listed the research questions (RQ) and the corresponding chapters, Figure 1.2 
shows the focus of each RQ related the different components in this theoretical 
framework. This framework is applied to consumer behaviour, but it is not applied to 
stakeholders in the same way.  
In case study 1, RQ 1 investigates how health claims as stimuli are perceived and the 
link between health relevance and health claim use (decision outcome). RQ 2 and RQ 3 
looks into the underlying determinants of health claim use, especially in terms of 
motivation and ability, as well as the associated factors such as need for information 
and knowledge. RQ 4 and RQ 5 seek to summarise the evidence from a series of 
consumer studies ranging from the stimuli, e.g. prevalence of health claims, to the 
actual behaviour outcome, e.g. scanner data of purchased food products with health 
claims, as well as the evaluation of the resulting policy recommendations and 
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communication guidelines by stakeholders. Since no theories or associations related to 
stakeholders’ views are to be tested, this theoretical framework only cover consumer 
behaviour theories, and stakeholders’ views serve as the side-view of the consumer 
decision making process and possible behavioural outcomes. The same applies to RQ6 
in Case study 2, which explores how stakeholder and consumer react towards the 
reformulated meat products as stimuli, wherein no theories are to be tested. Yet 
implications can be drawn for several components in this framework, such as current 
knowledge, perception, attitudes, etc. RQ 7 and RQ 8 seek to identify and explain the 
underlying determinants of intention to purchase the reformulated meat products 
(decision outcome), such as involvement, knowledge and attitude. RQ 9 probes how 
consumers value the reformulated meat products as stimuli and how various 
attributes shape the final purchase decision in terms of a non-hypothetical willingness-
to-pay.  






Figure 1.1. Infographic of theoretical framework from a marco-perspective based on the theory of 
change  
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Figure 1.2. Overview of theoretical framework from a micro-perspective based on consumer behavioural theories
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1.5 Empirical contribution and specific research questions 
Previous sections have described the intended impact and rationale behind the two 
case studies and the general research questions. This section looks into the specific 
research questions that outline the empirical contributions and how they are relevant 
in the context of social-marketing initiatives. The overall objective of the six empirical 
chapters (Chapter 2 to 7) is to inform the development of policy action relating to 
health claims and reformulated meat products through the lens of consumers and 
stakeholders.  
Literature shows that social marketing initiatives are often not grounded in theory, and 
not preceded by consumer research nor followed by evaluation (Grier and Bryant, 
2005; Truong, 2014). This remains an important research gap. Therefore, this 
dissertation constitutes an example equipped with analytic generalization to shed light 
on future planning of policy actions that adopt social marketing principles. Analytic 
generalization widens the applicability of empirical findings beyond the defined 
population for the two specific case studies, by generalizing the findings to the social 
marketing principles (Yin, 2013). The specific research questions are incorporated into 
Andreasen’s six criteria of social marketing (Andreasen, 2002), namely behaviour 
change, consumer research, segmentation and targeting, marketing mix, exchange and 
competition. Behaviour change (or behaviour focus, when the goal is not to change but 
either prevent or maintain it) is the behavioural objective underlying the social 
marketing initiative. Consumer research represents the understanding of consumer 
experiences, values and needs. Segmentation and targeting denote the selection of 
target groups and the tailoring of strategies. Market mix consists of the four Ps of 
marketing, namely ‘product’, ‘price’, ‘place’ and ‘promotion’. Exchange considers the 
incentives or disincentives that motivate or demotivate individuals to engage in the 
target behaviour. Competition looks at the competing forces that prevent individuals 
from engaging in the target behaviour and identifies potential strategies to remove 
them (Gordon et al., 2006). Andreasen’s six criteria are used as the framework to 
structure and explain the findings, wherein the strengths and weaknesses of the 
studies could be identified and guide future research. 
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Table 1.2 shows the criteria to be fulfilled by specific research questions that address 
the literature gap. The specific literature gap, research objectives and hypotheses for 
each study are elaborated in the introduction section of each empirical chapter. Similar 
to most social marketing initiatives, not all criteria can be fulfilled within the scope of 
the two case studies, as the criteria should be tailored for each case (Aschemann-
Witzel et al., 2012; Wettstein & Suggs, 2016). Some criteria are the fundamental 
principles underlying the entire social marketing initiative, such as behavioural change, 
and are thus not covered by specific research questions. The six empirical chapters 
(Chapter 2 to 7) report the research work on consumers and stakeholders, whereas 
the general discussion (Chapter 8) reports answers to the research questions, 
limitations and implications for future research, complementary to Table 1.2, using 
Andreasen’s six criteria of a social marketing initiative. 
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Table 1.2 Specific research questions to identify missing elements in Andreasen’s six criteria of social marketing initiatives that address the literature gap 
Criteria Description Specific research questions that address the literature gap 
  Case study 1 – Health claim regulation Case study 2 – Product reformulation 
Behaviour 
change 
Seeking to change 
behaviour with 
measurable goals 
N/A (fundamental focus of the initiative) 
To use the regulated health claims  
N/A (fundamental focus of the initiative) 
To purchase and consume reformulated meat products with 






and needs using 
formative research 
RQ1 (Chapter 2) 
RQ1a: How do consumers perceive the existing authorised 
health claims? 
RQ1b: What are the links between health claim use and 
health relevance (i.e. consumers who or whose household 
members have the claimed health problems and/or 
perceive the claimed health conditions as important)? 
 
 
RQ2 (Chapter 3) 
RQ2a: How much do consumers know about health claims 
on food products? 
RQ2b: To what extent do consumers use health claims? 
RQ2c: What are the attitudinal and cognitive determinants 
that increase consumers’ health claim use? 
RQ6 (Chapter 5) 
RQ6a: How do consumers react to the concept of the 
reformulated meat products (from both consumer and 
stakeholder points of view)? 
RQ6b: What are the similarities and/or differences in the 
views of consumers compared to stakeholders? 
RQ6c: What are the potential challenges in the development 
of reformulated meat products in relation to consumer 
acceptance? 
RQ7 (Chapter 6) 
RQ7a: How much do consumers know about nitrite and 
processed meat products? 
RQ7b: To what extent do consumers intend to purchase the 
reformulated meat products? 
RQ7c: What are the determinants that increase consumers’ 
interest in the reformulated meat products?  
Pre-testing with the 
target segment 
N/A - Food products with authorised health claims are 
already available on the market 
RQ9 (Chapter 7) 
RQ9a: Do consumers accept the reformulated meat products 
(in terms of sensory aspects)? 








for the selected 
segments 
RQ3 (Chapter 3) 
RQ3a: How are consumers segmented based on their level 
of health claim used? 
RQ3b: What are the similarities and/or differences in the 
characteristics of consumer segments with different levels 
of health claim use? 
RQ3c: What are the strategies tailored to promote health 
claim use or meet the information needs of different 
segments? 
RQ8 (Chapter 8) 
RQ8a: How are consumers segmented based on their attitude 
and purchase intention towards the reformulated meat 
products? 
RQ8b: What are the similarities and/or differences in the 
characteristics of consumer segments with different levels of 
interest in the reformulated meat products? 
RQ8c: What are the strategies tailored to promote the 
reformulated meat products for different segments? 
Marketing 
mix 
Product  - The target behaviour: to use health claims (intangible) 
- All food products that bear health claims (tangible)  
All research questions 
- The target behaviour: to purchase and consume 
reformulated meat products (intangible) 
- The reformulated meat products (tangible) 
All research questions 
Price RQ4 (Chapter 4): What evidence and implications can be 
derived from a wide range of consumer studies (that are 
related to price)? 
RQ5 (Chapter 4): How meaningful are the policy 
recommendations and communication guidelines (that are 
related to price) in terms of relevance and feasibility? 
RQ9 (Chapter 7) 
RQ9b: How much are consumers willing to pay for the 
reformulated meat products? 
Place N/A - Point-of-purchase (e.g. Retail stores that sell pre-
packaged food products), food packaging (where health 
claims are located)  
N/A - Point-of-purchase (e.g. Retail stores that sell processed 
meat products) 
Promotion RQ3 (Chapter 3)  
RQ4 (Chapter 4): What evidence and implications can be 
derived from a wide range of consumer studies? 
RQ5 (Chapter 4): How meaningful are the policy 
recommendations and communication guidelines in terms 
of relevance and feasibility? 
RQ8 (Chapter 6) 
RQ9 (Chapter 7)  
RQ9c: What are the effects of sensory attributes and 
information exposure on consumers’ WTP for the 
reformulated meat products? 
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Exchange The costs and 
benefits 
Partially addressed by:  
RQ1 (Chapter 2) and RQ4 (Chapter 4) 
Partially addressed by:  
RQ6 (Chapter 5) and RQ9 (Chapter 7) 
Competition Competing forces to 
the behaviour and 
potential strategies 
to remove or 
minimize this 
competition 
RQ2 (Chapter 3) 
RQ2c: What are the attitudinal and cognitive determinants 
that reduce consumers’ health claim use? 
RQ3 (Chapter 3) 
RQ3a: How are consumers segmented based on their level 
of health claim use? Specifically, the profile of segment with 
a lower level of health claim use? 
RQ6 (Chapter 5) 
RQ7 (Chapter 6) 
RQ7d: What are the determinants that reduce consumers’ 
interest in the reformulated meat products? 
RQ8 (Chapter 6) 
RQ8a: How are consumers segmented based on their attitude 
and purchase intention towards the reformulated meat 
products? Specifically, the profile of segment with a lower 
level of interest in the reformulated meat products? 
N/A denotes not available; RQ denotes research questions. The main research questions are described in Table 1.1.




1.6 Methodological contribution and research design 
Apart from the empirical aspect, this dissertation also contributes to creative methodological 
insights. It seeks to adapt an interdisciplinary approach in research design and apply 
advanced and innovative strategies in data analysis. 
The characteristics and methodological contributions of the research design are illustrated 
using two 2-dimensional bubble charts. These graphs show how the study methodologies 
differ in terms of overall characteristics and explain which design is appropriate for the 
different study phases. In these graphs, each bubble represents a chapter in this 
dissertation; the axes indicate the direction of the increment for the specific characteristics 
without a unit. The distance between and the size of the bubbles therefore do not imply any 
proportional relationship.  
1.6.1 Case study 1 – Health claim regulation 
Figure 1.3 illustrates the characteristics and methodological contributions of the research 
design in Chapters 2, 3 and 4 for case study 1. The axes denote the extent of two important 
characteristics - namely comprehensiveness and conclusiveness. The data that built Chapter 
2 and 3 were collected in an extended online consumer survey across ten European 
countries (n = 5337). Chapter 2 is regarded as having a higher level of comprehensiveness 
than Chapter 3, as consumers’ responses towards 17 selected health claims were examined 
individually in Chapter 2, while responses towards health claims were analysed collectively in 
Chapter 3. Yet Chapter 3 has a higher level of conclusiveness, since the main analysis 
(structural equation modelling (SEM) and cluster analysis) in Chapter 3 took into account a 
larger number of factors compared to the two-stage regression (2sls) with instrumental 
variable (IV) used in Chapter 2. In addition, the 2sls model represents one of the innovative 
approaches to analyse the survey data, as it is an econometric method that has hardly been 
used in consumer research studies. Chapter 2 demonstrates how 2sls can be applied to 
effectively address the potential issues of endogeneity, reverse causality and omitted 





Chapter 4 is considered to have the highest level of comprehensiveness and conclusiveness 
compared to Chapters 2 and 3. It is highly comprehensive, as it compiles findings from all the 
studies within the CLYMBOL project, based on a wide range of empirical and methodological 
studies, from interviews, online surveys, laboratory experiments, and in-store tests to 
econometric modelling of household panel data and product sampling, in order to formulate 
policy recommendations and communication guidelines. The results are also regarded as 
highly conclusive, because the policy recommendations and communication guidelines were 
evaluated and prioritized by a large group of stakeholders with different fields of expertise 
through several rounds. Meanwhile, the study design of Chapter 4 represents an innovative 
modification of the general Delphi method. While a typical policy Delphi method is 
qualitative in nature (Gläser & Laudel, 2010), and has a sample size of 10 to 50 experts (de 
Loë, 2016), Chapter 4 integrates both qualitative and quantitative insights and allows 
participation of more than 100 experts in a voting round.  





Figure 1.3 Characteristics and methodological contribution of the research design from case study 1 
based on chapters 2, 3 and 4 
 
1.6.2 Case study 2 – Product reformulation 
Figure 1.4 illustrates the characteristics and methodological contributions of the research 
design of Chapters 5, 6 and 7 for case study 2. The axes denote the extent of two 
characteristics in terms of complexity and conclusiveness. Chapter 5 was a relatively simple 
study built on consumer and stakeholder focus groups. Although the content analysis 





was considered relatively low due to the smaller sample size and lack of quantitative data. It 
was therefore used in the exploration phase. Chapter 6 was based on an extended online 
survey across four European countries, which was moderate in complexity and 
conclusiveness in relation to the other two chapters. The analyses in Chapter 6 were quite 
straightforward, yet they shed light on how to account for issues of non-normality and 
heteroscedasticity with a simple robust bootstrapping method and elaborates reasons 
behind the choice between an ordinal regression model (PLUM) and a linear regression 
model (GLM), which has been a common challenge faced by many researchers who use 
ordinal scales such as the Likert scale.  
Chapter 7 is regarded as the most conclusive but the most complex, as it was based on a 
non-hypothetical experimental auction with an incentive compatible mechanism, which is a 
relatively novel approach known to provide realistic estimation of consumers’ true 
preferences through willingness-to-pay (WTP) (Chang, Lusk & Norwood, 2009). The 
resemblance to reality makes the findings conclusive. However, this study design requires 
cognitive efforts for participants to understand the mechanism of experimental auction, in 
combination with sensory evaluation, including tasting and information exposure, which 
makes the study inevitably complex. The analyses represent an innovative approach to 
examine highly correlated sensory data while modelling WTP. A statistical machine-learning 
method that merges statistics with computational science, namely the elastic net (EN) 
regularised model is introduced in this chapter, which is again an approach hardly used in 
consumer research but highly competent in tackling issues of multicollinearity and 
overfitting, by applying penalties. Chapter 6 demonstrates how EN works and can be tested 
with bootstrapping, as well as how complicated results can be effectively visualized using 
regression trees.  




Figure 1.4 Characteristics and methodological contribution of the research design from case study 2 
based on chapters 5, 6 and 7 
 
For both case studies, the empirical chapters are presented following the order of increasing 
conclusiveness, covering three of the learning cycle phases, which begin with exploration, 





















I. Exploration – Chapter 2 
 
Consumer perceptions of health claims on foods and 




















This chapter is based on:  
 
Hung, Y. & Verbeke, W. (2018). Consumer perception, health relevance and use of health claims in 







The ideology of foods with health claims resembles medicines that bring positive 
impacts on specific health conditions, yet we lack evidence whether health claims are 
appealing and used by the target market for whom they have specific health relevance. 
Using a large-scale online survey in 10 European countries (n = 5337), our study 
explores consumers’ views and use of health claims while accounting for health claim 
diversity and country differences. The objectives of our study are to provide an 
overview of consumers’ ratings on familiarity, understandability and credibility of a list 
of 17 authorised health claims in the European Union and describe the relation of 
specific health claim use and health relevance. Our results show that the interaction 
between active ingredients and claimed health benefits influences health claims’ 
ratings, while heterogeneity within the 10 European countries was rather limited. The 
link between health claim use and health relevance was inconsistent. Some evidence 
indicates the presence of high blood cholesterol in oneself or in household members 
to be associated with the use of health claims referring to plant sterols and stanol 
esters featuring cholesterol-lowering effects. Nevertheless, evidence from this study 
indicates that only certain health claims have reached or been used by the target 
market. More deliberate communication efforts are thus needed to make health 
claims effective in supporting informed food choice among population groups for 
whom they might be relevant.  
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2.1 Introduction 
Health claim regulation has been a popular policy tool worldwide to protect consumers 
from misleading health messages on food products. Despite the fact that foods 
carrying health claims have a marginally better nutrition composition than those 
without health claims (Kaur, Scarborough, Hieke et al., 2016c), well-substantiated 
health claims are most of all expected to support informed food choices (van buul & 
Brouns, 2015) and help consumers identify foods or food components with health 
benefits that are directly relevant to them (Dean, Lampila, Shepherd et al., 2012). 
From a marketing perspective, health claims are used as an instrument to convey 
information about the specific health benefits so as to add value to the carrier food 
products (Lähteenmäki, 2013). In the European Union (EU), Regulation (EC) No 
1924/2006 has come into force since 2007 (EC, 2006). By strengthening consumers’ 
confidence in the scientific and regulatory processes for health claim approval, the 
regulation is purported to stimulate health-promoting product innovation. Yet, the 
value of health claims in serving its purposes remains controversial, as the intended 
effects are contingent upon the presumption that health claims are used by consumers 
(Hieke & Taylor, 2012). This paper investigates and reports the status quo of European 
consumers’ views on and use of various health claims with a twofold objective. 
Given the diversity of health claims, the first objective of this study is to analyse how 
consumers perceive different health claims in relation to the health outcomes and to 
what extent their evaluation varies among European countries. There are 261 
authorized health claims dated December 2017 (EC, 2017), and the number is likely to 
rise. Four types of EU authorized health claims are covered in this study with 17 
examples. Article 13.1.a health claims describe the role of a nutrient or substance in 
growth, development and the functions of the body; Article 13.1.b health claims 
describe psychological and behavioural functions; Article 14.1.a health claims refer to 
disease risk reduction; and Article 14.1.b health claims refer to children development 
and health (EC, 2006). Characteristics of the specific health claims, such as familiarity, 
understandability and credibility, which play an important role in explaining consumer 
perception and behaviour were explored. Recent studies found that consumers have a 




depending upon the specific nutrient or food substance and disease relationship (e.g. 
Carrillo, Varela & Fiszman, 2012; Miklavec, Pravst, Grunert, Klopčič & Pohar, 2015; 
Verbeke, Scholderer & Lähteenmäki, 2009). Understandability is an essential element 
to foster informed food choices. Although the regulation requires that health claims 
have to be understood by average consumers, it remains a challenge for 
implementation, as understandability is influenced by the use of scientific terms, the 
choice of words, as well as the phrasing and length of the claims (Stancu, Grunert & 
Lähteenmäki, 2017; Tan, van der Beek, Kuznesof & Seal, 2016). Credibility is an 
important determinant of consumer acceptance towards the health claims and 
influenced by many factors such as the type and phrasing of the claims (Strijbos, 
Schluck, Bisschop, et al., 2016; Hoefkens & Verbeke, 2013). Most health claims related 
studies could only include a limited amount of health claims (van buul & Brouns, 2015) 
and in few countries, this study represents a first attempt to include a considerably 
extensive list of examples that cover various health outcomes in 10 European 
countries.   
Lastly, the ideology of foods with health claims resembles medicines that consuming 
these foods with functional ingredients could bring a positive impact on a specific 
physiological function or health condition. Individuals who or whose household 
members have particular health problems may be more likely to use health claims that 
state corresponding or related health benefits. Studies showed that consumers look at 
health claims differently when there are changes in their health status (van Kleef et al., 
2005). Personal experience with a health issue makes individuals more aware and 
involved, and hence influences one’s receptiveness to information addressing those 
relevant health issues. In addition, Dean et al. (2012) found that health relevance is 
strongly influencing perceptions of personal benefit and willingness to buy food 
products with health claims in the case of wholegrain cereals and type 2 diabetes. 
Considering that the link between diet and health conditions is complex and diverse, 
consumers tend to react differently towards different health claims (Verbeke, 
Scholderer & Lähteenmäki, 2009). Therefore, the second objective of this study is to 
investigate the relation between the presence of related health problems in 
households and the use of specific health claims, while accounting for the perceived 
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importance of corresponding health conditions. Presence of specific health problems 
in oneself and/or household members denotes the actual health relevance, and 
perceived importance of the health condition denotes the perceived health relevance. 
This analysis sheds light on the question whether health claims have been used by the 
primary target groups who have the specific health relevance according to the ideology 
of foods with health claims as medicines.  
In this chapter, health claim examples were given as stimuli, consumers’ perception 
about the stimuli was quantified based on familiarity, understandability and credibility. 
These three measures were selected from a wide range of potential determinants of 
health claim use, due to their importance reported in previous literature (e.g. Miklavec 
et al., 2015; Stancu et al., 2017; Strijbos et al., 2016). The link between health 
relevance and health claim use was studied. It has been hypothesized that health 
relevance is positively associated with health claim use based on the Elaboration 
Likelihood Model (ELM). As motivation and ability to process health claims are 
prerequisites for central route to occur, where health claims are understood, inferred 
and used. ELM explains that personal relevance is a motivational variable, in this case, 
actual and perceived health relevances relevances are expected to promote the 
occurrence of central route, and are thus positively linked to health claim use. The role 
of motivation is studied in details in Chapter 3 (c.f. theoretical framework: micro-





2.2 Material and methods 
2.2.1 Data collection and sample 
Cross-European data were collected in Spring 2014 through a cross-sectional 
quantitative online survey with samples representative for age, gender and region in 
10 European countries: United Kingdom (UK, n=552), Germany (DE, n=551), The 
Netherlands (NL, n=522), Spain (ES, n=531), Slovenia (SI, n=555), Czech Republic (CZ, 
n=523), France (FR, n=513), Denmark (DK, n=532), Greece (GR, n=558), and Lithuania 
(LT, n=500). These countries were selected based on differences in their history of use 
of health claims (Hieke et al., 2016b). A total of 5337 participants between the ages of 
18 and 74 years who shop for groceries at least occasionally were obtained by means 
of probabilistic sampling from the online access proprietary panel of the contracted 
market research agency SSI. All procedures for contact and questionnaire 
administration were electronic via the same market research agency. Ethics approval 
for the study was granted by the Belgian Ethics Committee of Ghent University 
Hospital in January 2014 (Reference No. B670201319449). All participants were asked 
to provide written informed consent before taking part in the study. Collected data 
were coded and processed anonymously.  
2.2.2 Questionnaire content and pretesting 
A master questionnaire was developed in English and translated into the nine 
respective national languages of the countries included in the study (German, Dutch, 
Spanish, Slovenian, Czech, French, Danish, Greek and Lithuanian). All translations were 
cross-checked by native speakers among the project partners to ensure linguistic 
equivalence. The questionnaires were web-programmed and the web-links were 
pretested on a subsample of 50 consumer panel members per country. 
For the first objective, the 17 health claim examples that are authorized in the EU 
(shown in Appendix 2.A) were evaluated with a five-point Likert scale i.e. ranging from 
‘totally disagree’ to ‘totally agree’ to measure participants’ familiarity with the health 
claim (i.e. ‘I am familiar with this health claim’), understandability (i.e. ‘I understand 
this health claim’), as well as perceived credibility (i.e. ‘This health claim is credible’). 
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Participants had to evaluate only four or five health claims covering different 
functional categories, which were randomly chosen out of the list of 17 health claims. 
In relation to the second objective, participants’ perceived importance of specific 
health conditions and the presence or absence of specific health problem(s) are 
assessed as health relevance in this study. Various health conditions (i.e. heart health, 
brain health, digestive system, immune system, bone health, and tooth health) were 
presented to measure participants’ perceived importance of specific health conditions 
for personal health, using a five-point interval scale ranging from ‘Not at all important’ 
to ‘Extremely important’ adapted from Oliver & Lee (2005). Use of specific health 
claims was also measured by showing participants four or five health claims covering 
different functional categories, which were randomly chosen out of the list of 17 
health claims. For each of the four health claims, participants were asked to rate the 
statement ‘I use this health claim while food shopping’ on a five-point Likert scale.  
A list (8 items) of potential health problems or diet-related diseases (i.e. chronic 
disease states: cardiovascular / heart disease, irritable bowel syndrome or other 
digestive problems, osteoporosis or other bone problems, impaired brain function, 
immune-related diseases or health problems, and tooth decay; risk factors: 
hypertension, and high blood cholesterol levels) were shown to participants. They 
were asked to indicate if they personally and if someone in their household (for those 
who did not live alone) have any of the health problems or diet-related diseases by 
responding ‘Yes’, ‘No’ or ‘Prefer not to answer’.  
2.2.3 Statistical analysis 
Statistical analyses were carried out with SPSS Statistics 22.0 (IBM SPSS, Armonk, NY, 
USA) and Stata 13.0 (Statacorp, College Station, TX, USA). Data analysis included 
descriptive statistics (frequency distributions), bivariate (i.e. chi-square test) and 
multivariate analysis (i.e. two-stage regression analysis).  
Relations between the use of specific health claims and presence of health problems 
or diet-related diseases in different household types were tested using chi-square tests, 




For example, the use of the health claim ‘EPA and DHA contribute to the normal 
function of the heart’ was compared among six household types regarding the 
reported medical history of cardiovascular or heart disease: (1) I and someone in my 
household have (HH1); (2) I have but someone in my household does not have (HH2); 
(3) I do not have but someone in my household has (HH3); (4) I and someone in my 
household do not have (HH4); (5) I live alone and have (HH5); and (6) I live alone and 
do not have (HH6) cardiovascular or heart disease. The variable ‘use of specific health 
claims’ was recoded into two groups. The responses ‘strongly disagree’, ‘disagree’ or 
‘neither disagree nor agree’ to the statement ‘I use this health claim while food 
shopping’ were recoded as non-user; if the responses were ‘agree’ or ‘strongly agree’, 
they were recoded as user. Consumers’ perceived importance of health conditions was 
also recoded into two groups, in which responses ‘not important at all’ or ‘slightly 
important’ were recoded into the less important group; whereas the responses 
‘moderately important’, ‘very important’ or ‘extremely important’ were classified in 
the more important group. 
The presence of specific health problems or diet-related diseases is hypothesised to be 
a reason for using the related health claims. Nevertheless, individuals who are keener 
on engaging in health behaviours such as using health claims may as well have 
prevented themselves from getting the specific health problems. Therefore, the 
specific health claim that has the most relations with the corresponding health 
relevance which were indicated as statistically significant was selected and further 
examined using two-stage regression (2SLS) with an instrumental variable (IV), in order 
to address the potential issues of reverse causality and omitted variable bias 
(Wooldridge, 2015).  
Endogeneity of the presence of specific health problem was first tested to determine 
whether 2SLS would be a more appropriate estimation method than a single stage 
ordinary least square (OLS) regression for this explanatory equation. Significant results 
of the Durbin–Wu-Hausman test indicated that the tested variable is indeed 
endogenous and should be instrumented, confirming that a 2SLS should be estimated 
(Wooldridge, 2015).   
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An appropriate IV must fulfil several criteria. Firstly, it must be highly correlated with 
the instrumented independent variable, in which the first-stage F statistic has to be 
higher than 10 (Stock & Yogo, 2002) and the minimum eigenvalue statistic should be 
higher than the Stock and Yogo's critical values (Stock, Wright & Yogo, 2002). Secondly. 
The IV must not be directly linked to the outcome variable other than through its 
effect on the instrumented independent variable. Spearman's rho was estimated to 
test this correlation; a negligible coefficient suggests that the IV could be exogenous 
(Baum, 2006). Thirdly, the IV cannot be correlated with the error term in the 
explanatory equation, however, this relation cannot be tested in an identified model 
(when the endogenous variable is instrumented by the same amount of instrument). 
Apart from the instrumented variable and the IV, the 2SLS was controlled by 
participants’ perceived importance of the specific health condition, age and gender, 




















where y corresponds to the use of the specific health claim; x1 is the presence of a 
specific health problem; x2 is the perceived importance of the specific health condition; 






















 +  
where x1 is predicted as a function of all other independent variables (x2, x3 and x4) with 
an IV (z1);  denotes the error term. The national screening rate of the specific health 
condition in the year preceding our data collection (2013 – 2014) (Eurostat, 2017) was 
selected as an IV as it meets the aforementioned criteria. The predicted value of x1 
























Results of the 2SLS can provide evidence on the direction of effect. Positive and 
significant coefficient in the second-stage regression (
1
) indicates that the presence of 
specific health conditions in oneself or household member(s) has positive effect on the 
use of the specific health claim (y). 
 
2.3 Results 
2.3.1 Consumer evaluation of specific health claims 
Specific health claims were evaluated based on familiarity, understandability and 
credibility. Though results were grouped based on health outcomes for interpretation, 
the ratings were not consistent among the health outcomes. Table 2.1 and Table 2.2 
show results of the evaluation and ranking of the 17 health claims on the three 
variables. The country effects were small to medium considering the overall variation 
(Appendix 2.B), and the 10 countries often shared similar top 3 and bottom 3 rated 
health claims.  
Different heart health related claims evoked very different reactions. The health claims 
concerning sodium reduction for blood pressure maintenance and plant sterols and 
stanol esters for blood cholesterol lowering received relatively positive reactions in all 
aspects. By contrast, the health claim about vitamin B12 for normal homocysteine 
metabolism was rated very negatively in all countries, especially in terms of familiarity.  
Brain health related claims were regarded neutral to negative. The health claim with 
DHA for normal brain function received a relatively negative rating, which was often 
rated among the bottom 3 in all countries. Regarding digestive system, consumers 
reacted quite positively towards rye fibre for normal bowel function concerning 
understandability and credibility, but more negatively towards wheat bran fibre for 
increasing faecal bulk and calcium for the normal function of digestive enzymes. There 
were two similar health claims contributing to a normal function of immune system 
with different carrier nutrients; the vitamin A claim received a more positive rating 
than the claim involving selenium, and the overall reactions for both health claims 
were neutral. 
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In terms of bone health, the health claims concerning calcium for normal bone 
maintenance and normal growth and development of bone in children received the 
most positive ratings in every aspect. This result was largely consistent across 
countries. On the other hand, the claim of vitamin C contributing to normal collagen 
formation for the normal function of cartilage was graded rather negatively. The tooth-
health related claims received neutral ratings in general; the health claim with fluoride 
for tooth mineralisation was more positively rated compared to sugar-free chewing 
gum for reducing tooth demineralisation in all aspects. Yet, it should be noted that the 
health claim 17 (chewing gum) is related to a product, while the other claims are 
related to nutrients. This difference might have influence on consumers’ ratings, 
though it could not be tested.  
Table 2.1. Consumer evaluation of specific health claims 
 Health 
outcomes 
 n  Familiarity with 
specific HC 
Understandability 





Claim 1 1484 2.94 (1.08) 3.15 (1.05) 3.21 (0.88) 
Claim 2 1458 2.62 (1.02) 2.77 (1.08) 3.02 (0.89) 
Claim 3 1479 3.34 (1.02) 3.62 (0.87) 3.48 (0.87) 
Claim 4 1479 3.22 (1.03) 3.42 (0.94) 3.35 (0.87) 
Brain 
health 
Claim 5 1484 2.67 (1.03) 3.10 (1.02) 3.12 (0.89) 
Claim 6 1484 2.81 (0.99) 3.25 (0.98) 3.21 (0.85) 
Claim 7 1479 3.01 (1.03) 3.44 (0.96) 3.30 (0.89) 
Digestive 
health 
Claim 8 1495 3.28 (1.00) 3.66 (0.86) 3.50 (0.87) 
Claim 9 1502 2.96 (1.06) 3.43 (0.97) 3.30 (0.90) 
Claim 10 1501 2.76 (1.01) 3.20 (0.97) 3.12 (0.89) 
Immune 
system 
Claim 11 1459 3.11 (0.99) 3.54 (0.85) 3.35 (0.86) 
Claim 12 1471 2.86 (1.03) 3.28 (1.00) 3.21 (0.88) 
Bone 
health 
Claim 13 1483 3.75 (0.86) 3.83 (0.80) 3.65 (0.87) 
Claim 14 1479 2.88 (1.03) 3.34 (0.97) 3.22 (0.88) 
Claim 15 1475 3.65 (0.91) 3.82 (0.80) 3.65 (0.85) 
Tooth 
health 
Claim 16 1493 3.40 (0.98) 3.58 (0.87) 3.42 (0.89) 
Claim 17 1493 3.05 (1.08) 3.46 (0.95) 3.24 (0.96) 
Expressed as mean (SD), medians are often uniform and the distribution was not bimodal. The means or 
medians can hardly be compared among the 17 health claims, as only four or five health claims were 









Table 2.2. Ranking of the 17 specific health claims in studied countries 
 Ranking in countries 
Familiarity with specific health claims 
Pooled 
sample 
UK DE NL ES SI CZ FR DK GR LT 
TOP 3 
           Calcium is needed for the maintenance of normal bones  1 1 1 1 1 1 1 1 1 1 1 
Calcium and vitamin D are needed for normal growth and 
development of bone in children 
2 2 2 2 2 2 2 2 2 2 2 
Fluoride contributes to the maintenance of tooth 
mineralisation 
3 3 3 3 3   3 3 3     
Reducing consumption of sodium contributes to the 
maintenance of normal blood pressure 
                  3 3 
Plant sterols and plant stanol esters have been shown to 
lower/reduce blood cholesterol. High cholesterol is a risk 
factor. 
          3           
 
BOTTOM 3 
           
Vitamin B12 contributes to normal homocysteine 
metabolism 
17 17 16 16 17 16 16 17 17 17 16 
Docosahexaenoic acid (DHA) contributes to maintenance 
of normal brain function 
16 16 17 15   17     16 15 17 
Calcium contributes to the normal function of digestive 
enzymes 
15       16   17 16 15     
Selenium contributes to the normal function of the 
immune system 
  15   17 15             
EPA and DHA contribute to the normal function of the 
heart 
    15               15 
Zinc contributes to normal cognitive function           15 15 15       
Wheat bran fibre contributes to an increase in faecal bulk                   16   
 
 
Understandability of specific health claims 
Pooled 
sample 
UK DE NL ES SI CZ FR DK GR LT 
TOP 3 
           Calcium is needed for the maintenance of normal 
bones  
1 1 1 2 1 2 1 2 3 1 1 
Calcium and vitamin D are needed for normal growth and 
development of bone in children 
2 2 2 1 2 1 2 1 1 3 2 
Rye fibre contributes to normal bowel function 3 





Reducing consumption of sodium contributes to the 
maintenance of normal blood pressure  
3 
       
2 3 
Fluoride contributes to the maintenance of tooth 
mineralisation   
3 3 3 
  
3 
   
 
BOTTOM 3 
           
Vitamin B12 contributes to normal homocysteine 
metabolism 
17 17 17 17 17 17 17 17 17 17 17 
Docosahexaenoic acid (DHA) contributes to maintenance 
of normal brain function 
16 16 16 15   16 15   16 16 15 
EPA and DHA contribute to the normal function of the 
heart 
15   15     15   16 15   16 
Calcium contributes to the normal 
function of digestive enzymes 
        16   16     15   
Selenium contributes to the normal function of the immune 
system 
  15   16 15     15       
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Credibility of specific health claims 
Pooled 
sample 
UK DE NL ES SI CZ FR DK GR LT 
TOP 3            
Calcium and vitamin D are needed for normal 
growth and development of bone in children 
1 2 2 1 2 1 1 2 1  1 
Calcium is needed for the maintenance of 
normal bones  
2 1 1  1 2 2 1 2 2 2 
Rye fibre contributes to normal bowel function 3  3 3 3 3 3   3  
Reducing consumption of sodium contributes to 
the maintenance of normal blood pressure 
 3  2     3 1  
Fluoride contributes to the maintenance of tooth 
mineralisation 
       3    
Selenium contributes to the normal function of 
the immune system 
          3 
            
BOTTOM 3 
Vitamin B12 contributes to normal homocysteine 
metabolism 
17 17  17 17 16 16 16 16 17 16 
Docosahexaenoic acid (DHA) contributes to 
maintenance of normal brain function 
16 16 17 15  15   17   
Calcium contributes to the normal function of 
digestive enzymes 
15  15  16  17  15 15 15 
Zinc contributes to normal cognitive function      17      
Sugar-free chewing gum helps reduce tooth 
demineralisation. Tooth demineralisation is a risk 
factor in the development of dental caries 
       17    
Wheat bran fibre contributes to an increase in 
faecal bulk 
         16 17 
Selenium contributes to the normal function of 
the immune system 
   16    15    
Vitamin C contributes to normal collagen 
formation for the normal function of cartilage 
    15  15     
EPA and DHA contribute to the normal function 
of the heart 
 15 16         




2.3.2 Health claim use and health relevance 
Health relevance based on personal and/or household members’ medical history was not 
consistently linked to the use of specific health claims (Figure 2.1). When the links were 
significant, the same links were often observed only in the group of participants who 
perceived the specific health condition as more important (more important group). Finding a 
health condition important does not necessarily translate into a need of action i.e. using 
health claims related to solve a health problem. Therefore, perceived health relevance 
(perceived importance of the specific health condition) was analysed in conjunction with 
actual health relevance but not treated as a determinant on its own. It was used to account 
for the possible association in the link between actual health relevance and health claim use. 
Overall, there was no consistent pattern across the household types and health outcomes. 
Participants who lived alone and did not have the specific health problem(s) were 
overrepresented in the non-user group. No relations between health relevance and use of 
health claims related to brain function could be tested, as more than 20% of the expected 
counts were less than five and the large amount of sparse cells did not allow a valid 
comparison (Campbell, 2007). The health claim related to blood cholesterol lowering (4. 
Plant sterols and stanol esters in Figure 2.1) has the most significant relations between 
health relevance and health claims use. This health claim is therefore used as example for 
further analysis.      
Though the results could not demonstrate causality, health relevance is logically expected to 
be a cause of health claim use. Based on the chi-square tests, the observed distribution was 
compared to the expected distribution. It was expected that the HH with presence of specific 
health problem would have a larger observed proportion of health claim user group. 
Contrary to expectations, HH1 (presence of specific health problem in both oneself and 
household member) did not consistently have a larger proportion of the user group, and 
HH4 (absence of specific health problem in oneself and household members) also did not 
consistently have a larger proportion of the non-user group. Considering health claim 11, 12 
and 17, HH4 even had a larger proportion of the user group (Figure 2.1). These findings 
trigger the question of whether reverse causality was present. For example, individuals who 
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or whose household member(s) have high blood cholesterol and perceive heart health as 
very important are expected to be more likely to use the health claim related to cholesterol 
lowering. Meanwhile, individuals who use health claims might as well be more health 
conscious, which might have prevented them from getting high blood cholesterol. Therefore, 
two-stage regressions (2SLS) with an IV was used to provide insight in the direction of effect.  
 
 
Household compositions are described in Section 2.2.3. 
Figure 2.1. Relations between specific health claim use and presence of specific health problem in six 
household compositions accounting for perceived importance of specific health condition 
 
Significant results of the Durbin–Wu-Hausman test (F statistics = 40.21, p < 0.001) indicated 
that the independent variable (presence or absence of high blood cholesterol in oneself 
and/or household member) was indeed endogenous and should be instrumented. The 
selected IV was the national screening rate of blood cholesterol in year preceding the study 
(2013 – 2014) (Appendix 2.C), which is closely linked to participants’ and/or their household 




0.001) and the minimum eigenvalue statistic was 22.51 (2SLS relative bias < 5%, Stock and 
Yogo's critical value = 16.38), which showed that the IV was not weak in this model. This 
national screening rate itself was not directly linked to the personal use of cholesterol 
lowering health claims except through the screening results (presence or absence of high 
blood cholesterol) (Spearman's rho = 0.16, p < 0.001, though the correlation is significant, 
the sample was considerably big and the size of coefficient was negligible), thus the IV could 
potentially be exogenous. A limitation concerning this IV is related to the aggregated nature 
of the national screening rate, which could not account for variation among individuals 
within each country. Nevertheless, this analysis was only intended to clarify the direction of 
effect, thus the accuracy of coefficients in predicting health claim use is less crucial. Table 2.3 
shows the results of 2SLS with national screening rate for blood cholesterol as IV for medical 
history of high blood cholesterol. These results provide some evidence on the direction of 
effect, in which the presence of high blood cholesterol in oneself or household member(s) 
was significantly and positively influencing the use of cholesterol lowering health claims.  
 
Table 2.3. Effect of health relevance on the use of cholesterol lowering health claim using 2sls with IV 
estimates; results of the second-stage regression (n = 1441) 
 Coefficient Standard 
error 
95% confident interval 
Lower Upper 
Medical history of high blood cholesterol 3.30* 0.81 1.72 4.88 
Perceived importance of heart health 0.19* 0.05 0.08 0.30 
Gender -0.22 0.09 -0.39 -0.04 
Age (years) -0.01 0.01 -0.02 -0.00 
Constant 2.10* 0.30 1.52 2.68 
*p-value < 0.001; other p-values were < 0.05;  
Only participants who have evaluated the cholesterol lowering health claim and indicated whether they or 
their household member had high blood cholesterol were included (n = 1441);  
Wald chi-square (4) = 48.70 (p < 0.001); root mean square error = 1.63; 
Medical history of high blood cholesterol in oneself or household member(s) (absence = 0, presence = 1); 
Gender (Male = 0, female =1)    
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2.4 Discussion 
2.4.1 Consumer perception of health claims 
This study reports consumers’ views and use of health claims. First, an extensive list of 17 
health claims were evaluated by consumers from 10 European countries. Literature 
repeatedly calls for cross-cultural comparison, yet our results showed that the top 3 and 
bottom 3 rated health claims were mostly similar among the 10 countries, especially in 
terms of reported familiarity with the claim. The size of country effects was small to 
medium, and most country differences were attributed to the moderately rated health 
claims. Instead of country differences, the combination or interaction between active 
ingredients and claimed health benefits appeared more important in shaping consumers’ 
ratings, as the same active ingredients (e.g. calcium) could receive very different ratings (e.g. 
among the top 3 or bottom 3) depending upon the claimed health benefits. This interaction 
makes it challenging to generalize consumers’ views on health claims and to establish 
practicable standards to inform the regulation. Only limited numbers of specific health 
claims have been covered in studies up to this point and the results are hardly comparable 
given the large diversity of health claims; yet, a few recent cases are discussed in this 
section.  
In terms of familiarity, reported that consumers were in general unfamiliar with plant sterols 
but familiar with oat fibre as being beneficial with respect to cholesterol-lowering effects, in 
which the data collection was in 2011 in Canada. Three years later, consumers were 
moderately familiar with the plant sterols claim in our study. Since the plant sterols claim 
was approved in 2009 (ESFA, 2009), these substances have been heavily advertised in 
Europe mostly coupled with fortified dairy and spread products, which might explain the 
increased familiarity among consumers.  
As for understandability, despite the regulation requires that health claims have to be 
understandable to average consumers, it is hardly possible to study and generalize the 
understandability for each health claim. There is ample literature related to consumers’ 
understanding (e.g. Stancu, Grunert & Lähteenmäki, 2017; Wong et al., 2014; Van Trijp & 




nor is there a consistent approach to increase the understandability. A recent study showed 
that re-wording and adding information on an authorised health claim could even decrease 
its understandability (Stancu, Grunert & Lähteenmäki, 2017). Van Trijp and van der Lans 
(2007) found that it was more difficult for consumers to understand health claims related to 
cardiovascular diseases compared to claims on weight and concentration. The four different 
heart health related claims scored very differently on understandability in our study, while it 
should be noted that the active ingredients and claimed heart health benefits were as well 
largely different. The concept of health outcomes seems to be not specific enough to explain 
the difference in ratings. In the study of Wong et al. (2014), 33% of the participants (n = 
1017) could understand the plant sterols claim concerning cholesterol lowering function, 
while in our study the same health claim was rated moderately understandable among the 
other health claims and more than half of the participants could understand this claim. It 
should be noted that no objective measures were taken in our study, in which only 
subjective understandability was measured. In addition, health inference was not measured, 
which refers to how consumers relate the message to self-relevant consequences (Grunert, 
2016). Health inference is part of decision making process when consumers are exposed to 
health information like health claims (c.f. Section 1.4.2 theoretical framework: micro-
perspective).  
Food labelling information approved by an independent and competent third party is likely 
to be perceived more credible (Larceneux, 2003), and the stringent EFSA approval process 
makes health claims seem more credible than other food labels (Fenko, Kersten & Bialkova, 
2016). Similar to familiarity and understandability, credibility varies largely from one health 
claim to another. A recent study found that bone health related claim was the most credible, 
where health claims that are in line with non-expert views of the metabolic course specific to 
each food category were perceived more credible (e.g. calcium and bones) in general 
(Masson, Debucquet, Fischler & Merdji, 2016); their findings are supported by our results. By 
contract, credibility of the health claim ‘fruit juice enriched with calcium can strengthen 
bones’ was rated relatively low in the study of Verbeke, Scholderer and Lahteenmaki (2009), 
as the combination of juice with calcium was regarded unnatural, their results highlight the 
importance of carrier product, functional ingredient and claim combination in shaping 
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consumer appeal. In addition, Wong et al. (2014) explained that health claim 
understandability and credibility highly depend on familiarity.   
2.4.2 Reaching primary target markets 
Our results show that health claims did not consistently reach the primary target market and 
the relation between health relevance and health claim use was case-dependent. Literature 
shows that individuals with chronic diseases use health-related information on food labels 
more often than the ones without (Lewis et al., 2009), and individuals with diseased 
household member(s) are more likely to accept foods with health claims (Verbeke, 2005). 
Yet, Dean et al. (2012) later found that the impact of personal relevance outweighs close 
family and friends’ relevance. Our findings are partly in line with the literature, in which 
individuals who live alone and do not have any of the listed health problems tend to be non-
users of health claims even if they perceive the health conditions as important. The link 
between health relevance and health claim use was not consistent, which might be 
explained by the goal gradient hypothesis. This theory posits that motivation to reach a goal 
increases with proximity to the desired end state (Hull, 1932). If we consider food shopping 
as a process of achieving goals, which could be to ease hunger, obtain sensory or emotional 
pleasure, or pursue health goal. Health goal seems to be the furthest away as the potential 
health benefits of foods are temporally distant and cannot be sensed immediately. In 
addition, Lähteenmäki (2013) has raised an interesting discussion concerning the link 
between understanding and health relevance, as consumers might find the claimed health 
benefits understandable – but not necessarily understand the claim – if that benefit is 
relevant to them. The link between understandability and health relevance was not 
analysed, yet our results show that there was no consistent pattern regarding more 
understandable health claims and having more significant relations between health claim 
use and health relevance. This has an important implication in relation to supporting 
informed food choice, in which consumers should be informed about the link of their health 
issues and the specific solution, e.g. using health claims to identify the food products with 




Two-stage regression with an instrumental variable was performed to point out the direction 
of effect on whether the presence of high blood cholesterol was a reason for using the plant 
sterols and stanol esters health claim or the use of this health claim caused the absence of 
high blood cholesterol. Our results support the former. It could be concluded that health 
relevance is linked to the use of plant sterols and stanol esters health claim featuring 
cholesterol-lowering effect and this health claim has reached and been used by the primary 
target market. However, the households with absence of high blood cholesterol had in fact 
an equal proportion of user and non-user groups, which leads to the question if products 
with plant sterols and stanol esters have as well been consumed by the non-cholesterol 
challenged. A study in Belgium found that plant sterol-enriched foods have been consumed 
by 23.2% non-cholesterol challenged adults, 50 % of them had a plant sterol intake less than 
or equal to 1 g/d and 16.4 % had a plant sterol intake above 3 g/d and 7.8 % even had an 
intake above 4 g/d (Sioen et al., 2011). Another recent study in Finland reported that plant 
sterol-enriched foods have been consumed used by 9.5% of studied adults, in which 9.6% 
are not on cholesterol medication and 6.8% are not on cholesterol-lowering diet (Marttinen 
et al., 2014). These results highlight the importance of more deliberate communication 
effort to inform consumers about the appropriate use or consumption of plant sterol-
enriched foods. In order to prevent this unnecessary consumption, foods with added plant 
sterols or related compounds now have to carry the warning ‘the product is not intended for 
people who do not need to control their blood cholesterol level’ since 2014 (EC, 2013). Our 
findings highlight the dilemma in communication of health claim use and functional food 
consumption. On one hand, the use of health claims should be encouraged, as it enables 
consumers to make informed food choices that are relevant and beneficial for their health. 
On the other hand, the over- or unnecessary consumption of certain active ingredients could 
be a public health concern. While households with absence of specific health problems 
constituted a larger proportion of the user group for some health claims, it is unlikely nor 
commercially desirable that consumers would use health claims as an indication to avoid 
certain functional foods. Meanwhile, including an extra warning as such (e.g. for plant 
sterols containing foods) may entail a risk of information overload that impedes consumers’ 
information processing and use in purchase situation (Vanhonacker & Verbeke, 2014; 
Sørensen, Clement & Gabrielsen, 2012); consumers have indeed expressed the feeling of 
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information overload in a recent study (Hung, Verbeke & de Kok, 2016b) (Chapter 5). More 
deliberate communication efforts such as the ones that tailor and restrict the information 
stream based on individual preferences and relevance are required (Grunert, 2016), in order 
to dispel any fallacies in the nutrient-disease links and make health claims effective in 
reaching target consumers and improving food choices. However, more targeted 
communication may only be achieved through health professionals in practice, who have the 
knowledge about consumers’ actual health conditions through examinations, and thus 
personalized dietary advices such as to search for food products with certain health claims 
could be given. In addition to communication, nudging could be an effective way to steer 
consumers to unobtrusively make healthier food choice in their purchase, as it shifts 
information distribution focus toward a more behavioural-oriented approach (Vandenbroele 
et al., 2018). Nudges such as images or graphics of the targeted organs at the point-of-
purchase, or larger font size of health claims might make health goal more salient in the 
market environment. 
2.4.3 Limitations  
Some limitations are acknowledged to open up opportunities for further research. First, this 
study relied on self-reported measures. As with many preceding consumer studies, 
responses might be affected by recall and social desirability bias and hence deviate from 
actual behaviour. Experimental and observational studies on consumers’ use of health claims 
are recommended for future research. Second, specific health claims’ use, familiarity, 
understandability and credibility were evaluated on a single item each to limit the length of 
questionnaire, which was a trade-off for including an extensive list of 17 health claim 
examples in addition to the concept of health claims in general. Third, health claims appear 
on information-rich packages in reality, and the context may alter the overall familiarity, 
understandability, credibility and even health relevance. For a more accurate picture, future 
research should consider using real-life products that take contextual factors into account 





This study outlines the current situation of consumers’ views and use of health claims. A list 
of 17 EFSA authorised health claims was evaluated in terms of familiarity, understandability 
and credibility. Though literature repeatedly calls for cross-country studies, heterogeneity 
within the 10 European countries was rather limited concerning the highest and lowest rated 
health claims, interaction between the active ingredients and claimed health benefits seems 
more important in shaping the ratings. The concept of health outcomes was too wide to 
explain the difference in ratings as well. Thus, health claims should ideally be studied with 
specific examples. Health claim use was not consistently linked to health relevance. There is 
some evidence that the use of plant sterols and stanol esters health claim featuring 
cholesterol-lowering effect was attributed to the presence of high blood cholesterol in 
oneself or in household members, but not attributing to the prevention of high blood 
cholesterol. Not all health claims have reached or been used by the primary target market 
with specific health relevance. Increased familiarity may encourage health claim use and vice 
versa but clarifying to avoid unnecessary consumption is as well crucial. More deliberate 
communication efforts are needed to support health claims in improving consumers’ food 
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Abstract 
Health claims promise health benefits beyond basic nutrition, but their impact on food 
choices is largely determined by consumers’ motivation and ability to process these 
claims. Chapter 2 has explored how consumers perceive a number of health claims and 
the role of health relevance as the primary reason of health claim use, this chapter 
looks further into the psychological and cognitive factors to elaborate the 
determinants of health claim use. Data were collected in Spring 2014 through a cross-
sectional quantitative online survey with samples representative for age, gender and 
region in 10 European countries: United Kingdom, Germany, The Netherlands, Spain, 
Slovenia, Czech Republic, France, Denmark, Greece, and Lithuania (n=5337). Structural 
equation modelling was used to simultaneously estimate the strength and direction of 
effects between motivation and ability to process, various determinants, and two 
components of health claim use. Health claim user segments were also profiled. 
Motivation to process emerged as a key determinant of European consumers’ use of 
health claims. Ability to process impacted claim use to a much smaller extent, but was 
strongly and positively influenced by the motivation to process. In order to be 
motivated, consumers are required to experience a need for health-related 
information, which in turn is driven by an interest in healthy eating. Participants with 
greater health claim-related knowledge tended to be more able but less motivated to 
process health claims. There were no substantial differences in the tested model 
between countries that had regulation for health claims prior to 2006 and those that 
did not, despite the considerable differences in their historical and current prevalence 
of health claims. Three health claim user segments were identified: ‘Attentive’ (27.5%), 
‘Indifferent’ (33.3%) and ‘Distracted’ (39.2%). Socio-demographic characteristics 
described the segments only to a small extent. European food and nutrition policies 
and marketing strategies should focus on ways to improve consumers’ motivation to 
process health claims by increasing their interest in healthy eating and need for health-
related information.  
 
  




Health claims on food products are potential aids to support consumers in making 
informed food choices, further healthy eating, and strengthen the competitiveness of 
the European food industry. Hence, they are an instrument for public policy aiming to 
promote public health, and a tool for the food industry to better differentiate their 
food products in the market and to build and maintain health-related competitive 
advantages. From a consumer point of view, health claims are important information 
cues that can guide their food-related decisions, and enable them to make better 
informed and healthier food choices. Therefore, health claims are considered to play 
an important and useful role in European food markets (Hieke et al., 2015). 
Prior to the enacting of EC Regulation 1924/2006 on nutrition and health claims in 
2006, European Union (EU) Member States differed largely with regard to their history 
of use and regulation of health claims. Health claims were regulated in 13 out of 26 EU 
Member States (no information about Cyprus and Luxembourg) (Hieke et al., 2016b). 
Directive 2000/13/EC was used in some Member States as a partial regulation on 
health claims, by which ‘any labelling, presentation and advertising of foodstuffs that 
could mislead consumers’, was prohibited (EC, 2000). Apart from legislation on health 
claims, voluntary codes of practice were employed in 12 Member States, which 
included ‘justification when challenged’ and pre-approval via national institutions. 
Owing to the vast difference in practices, public opinions about health claims varied 
largely, from favourable in some Member States to disapproving in others (e.g. 
Williams, 2005). In order to harmonise the regulation of health claims and to support 
scientifically-sound health claims on food products in all Member States, the EC 
Regulation 1924/2006 was introduced (EC, 2006b). Since then, all health claims are 
regulated in a uniform way where they have to be substantiated by solid scientific 
evidence and evaluated by the European Food Safety Authority (EFSA) (Buttriss, 2012). 
Nevertheless, the availability of health claims and corresponding legislative 
frameworks, regulations and monitoring procedures, do not always guarantee actual 
benefits for consumers, as some consumers deliberately or unintentionally ignore the 
provided information (Rotfeld, 2010), and others may not have the motivation or 
knowledge to use the information in their decision-making (Rotfeld, 2009). Any effect 
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of health claims will depend on consumers, their preferences and their behaviour 
(Hieke & Taylor, 2012; Grunert & Wills, 2007).  
Considerable policy effort has been placed on consumers’ understanding of health 
claims; it has been repeatedly emphasized in the description of the EC Regulation 
1924/2006 that health claims shall be permitted only if the average consumers can be 
expected to understand the beneficial effects as expressed in the claim (EC, 2006b). A 
recent study by Orquin and Scholderer (2015) showed that consumers may not be in 
great danger of being misled by nutrition and health claims with respect to a product’s 
healthfulness. Yet, little attention has been paid to potential favourable effects of 
claims, e.g. through investigating consumers’ motivation to process and use health 
claims. Previous consumer studies have mainly focused on consumers’ attitudes 
towards health claims and purchase intention of carrier food or drink products 
(Chrysochou & Grunert, 2014; Lähteenmäki, 2013; Pothoulaki & Chryssochoidis, 2009; 
Verbeke et al., 2009; Wills et al., 2012). There are also a few studies on consumers’ 
understanding of health claims; mostly qualitative in nature (Wong et al., 2014; FSA, 
2002; Svederberg, 2002) or specifically related to certain health benefits (Grunert, 
Scholderer & Rogeaux., 2011; Wong et al., 2013). Relationships between consumers’ 
motivation and ability to process and the use of health claims have not been covered 
previously and remain unclear.  
The present study extends the literature on consumers’ use of health claims by 
addressing the important role of individual differences, especially with regard to 
motivation and ability to process health claims on food packages. Differences in policy 
context, including the historical incidence and use of health claims across Europe, are 
taken into account. The objective of the study was to investigate the (relative) 
importance of consumers’ motivation and ability to process health claims and other 
determinants in explaining the use of health claims.  
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3.2 Theoretical background and conceptual model 
Motivation has been defined as the desire or readiness of consumers to process 
health-related information (Moorman, 1990), influencing how consumers advance 
from health information exposure to processing, attitude formation and purchasing 
(Mitchell, 1981). A lack of motivation decreases cognitive effort allocated to the health 
information. In addition to that, ability refers to the proficiency or skills in 
comprehending information (Maclnnis & Jaworski, 1989) and is associated with the 
accuracy of using health-related information such as health claims (Moorman & 
Matulich, 1993). Low levels of ability pose challenges to encoding and understanding 
the messages even when attention has been attracted. 
Several theoretical frameworks can be used to shed light on the role of motivation and 
ability in consumer information processing. The Motivation-Ability-Opportunity (M-A-
O) framework (e.g. used by Maclnnis & Jaworski, 1989; Maclnnis et al., 1991) posits 
that consumers' level of processing depends on the opportunity, their motivation and 
their ability to process the information during or right after exposure to information. 
Assuming that the opportunity is present in which there are sufficient scientifically-
sound health claims available at an appropriate moment, then the remaining 
determinants are the motivation and ability of consumers to process these health 
claims. In the Elaboration-Likelihood model (ELM), motivation and ability are the main 
antecedents influencing the level of information processing with a stimulus message 
(Petty & Cacioppo, 1986), which includes health claims, for example. Studies suggested 
that the interaction of motivation and ability influences consumers’ health behaviours 
(Moorman & Matulich, 1993); the highest level of health information processing is the 
result of high motivation and ability (Maheswaran and Sternthal, 1990). Moreover, 
when motivation and ability are both high, consumers are also expected to engage in 
central route processing (Petty & Cacioppo, 1986), where changes in attitude will 
persist longer and have a stronger predictive power with regard to subsequent 
behaviours (Cacioppo & Petty, 1982). By contrast, low motivation and/or low ability 
will result in peripheral processing, with a risk for wrong inferences and less stable 
effects on attitude and behaviour.  
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Considering motivation to process health claims, literature has suggested several 
attitudinal determinants that are worth investigating in this context. Information-
related actions are initiated by the recognition of need for information (Prabha et al., 
2007). When the current state of information is perceived to be less than what is 
needed in a particular situation, the need for information emerges and information 
seeking is initiated (Krikelas, 1983). Individuals with a stronger need for information 
tend to invest more time and effort in seeking information (Prabha et al., 2007). This 
need is also closely related to motivation to process information and various theories 
of learning (Weiler, 2005). In relation to health claims, the need for information about 
food, diet and health is driven by the interest in health and nutritional aspects of food, 
as consumers who believe in the importance of healthy eating tend to be more 
engaged in health promoting behaviours (Wardle & Steptoe, 1991) such as reading 
health-related information (Wandel, 1997). By reading more, consumers also gain 
more knowledge (Drichoutis et al., 2005). Cowburn and Stockley (2005) concluded that 
this interest increases the accuracy in food label processing. Products with health 
claims have been considered to be part of nutritionally healthy diets (Kaur et al., 
2016); and the appeal of health claims is positively linked to the interest in healthy 
eating (Dean et al., 2012). It is thus theorised that interest in healthy eating plays a 
role in shaping the need for information about diet and health, health claim-related 
knowledge, as well as the motivation and ability to process health claims. 
Health claim-related knowledge is an important cognitive aspect that reflects the 
ability to process health claims (Moorman & Matulich, 1993). Studies have concluded 
that consumer knowledge is associated with a correct use of health-related 
information (Grunert & Wills, 2007; Moorman, 1990; Yoon & George, 2012). 
Knowledge is also related to the level of consumer understanding of health claims 
(Grunert et al., 2010), which in turn can influence the extent of information use 
(Drichoutis et al., 2005). In this study, knowledge was measured by means of a factual 
knowledge test (Kanwar et al., 1990), thus referring to knowledge stored in memory. 
Knowledge is related to the ability to process health claims (Lähteenmäki, 2013), but 
highly knowledgeable consumers may be less motivated to process the information, as 
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they may think that they already have a sufficient degree of knowledge (Bettman & 
Park, 1980; Maclnnis & Jaworski, 1989). 
The conceptual model summarising the key constructs and their relationships tested in 
this study is shown in Figure 3.1. Compared to attitudinal and cognitive characteristics, 
socio-demographic characteristics are usually unalterable and play a relatively minor 
role in consumers' processing of health-related information (Grunert et al., 2010) and 
reactions towards food products with health claims (Verbeke, 2005). Thus, socio-
demographic characteristics were not included in the conceptual model, but only 
accounted for in the segmentation of health claim users. Several studies have shown 
that consumer reactions towards health claims might differ between countries within 
and/or across jurisdictions with different policies and regulations (Van Wezemael et 
al., 2015; Aschemann-Witzel and Grunert, 2015). European countries vary extensively 
in their historical and current situations concerning the use of health claims and 
related policies prior to 2006 (Hieke et al., 2016c). As an empirical issue, this study 
investigates whether countries with or without a national regulation for health claims 
before 2006 yield dissimilar results regarding consumers’ health claim use, motivation 
and ability and their determinants. Although it might not be possible to attribute 
differences between such (groups of) countries solely to different regulations in the 
past, a comparison between groups of countries based on this criterion is believed to 
be relevant, while the geographic locations are covered in the segmentation. Insights 
into the user segments lay the foundation for more targeted rather than generic 
approaches in future development of health claim regulation as well as marketing 
strategies. 
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3.3 Materials and methods 
3.3.1 Data collection and sample 
Data were collected in Spring 2014 through a cross-sectional quantitative online survey 
with samples representative for age, gender and region in 10 European countries (n = 
5337): United Kingdom (n=552), Germany (n=551), The Netherlands (n=522), Spain 
(n=531), Slovenia (n=555), Czech Republic (n=523), France (n=513), Denmark (n=532), 
Greece (n=558), and Lithuania (n=500). Ethics approval for the study was granted by 
the Belgian Ethics Committee of Ghent University Hospital (Reference No. 
B670201319449). A detailed description of the data collection and sample is provided 
in Chapter 2. 
3.3.2 Questionnaire content 
Measures relating to motivation, ability, attitudinal constructs and factual knowledge 
test were included in the self-administered questionnaire. Order bias was avoided by 
rotating items within a question and the questions themselves (in specific cases). The 
individual items and various reliability estimates for each of the theoretical latent 
constructs are provided in Table 3.1. All items were measured on a five-point Likert 
scale, i.e. ranging from ‘totally disagree’ (=1) to ‘totally agree’ (=5).  
Both motivation to process and ability to process health claims were measured by 
three items adapted from Moorman et al. (2004) and Moorman (1990). Participants’ 
general interest in healthy eating was quantified by means of four items based on 
Roininen et al. (1999). Following reliability testing and Principal Component Analysis 
(PCA), one item was excluded from further analysis (‘The healthiness of food has little 
impact on my food choices’; reverse-coded). Need for health-related information was 
measured by means of a four-item scale that was developed in the EU FP6 Integrated 
Project HEALTHGRAIN (contract no. FP6-514008, 2005-2010). One item was excluded 
based on the results of the reliability test and PCA (‘I am happy with general labels 
about nutrient content without the need to know the exact amount’; reverse-coded). 
Factor structure of the four latent variables was assessed using exploratory factor 
analysis (EFA), where cross-loading should be below 0.4 (Hair et al., 2010).  
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A factual knowledge test with five multiple-choice questions was used to assess Health 
claim-related knowledge. The five questions (Appendix 3.A) probed consumers’ 
knowledge of the functions of different nutrients and food constituents, including 
three questions about the functions of selected vitamins, minerals, fibre, and fatty 
acids; and two questions about scientific terms of functions. Formulations were based 
on the European Commission database of authorized claims (EC, 2017). An index for 
factual health claim-related knowledge was computed counting the number of correct 
answers to the five multiple-choice questions (knowledge score ranging from 0 to 5). 
Two components of health claim use were investigated as the outcome variables in 
this study. First, participants were asked to rate their Frequency of health claim use in 
general on food labels when shopping for food, using a 5-point scale with the 
endpoints ‘never’ (=1) and ‘very often’ (=5). Second, Use of specific health claims was 
measured by showing participants four or five health claims covering different 
functional categories. The four or five health claims were randomly chosen out of a list 
of 17 health claims that are authorized in the EU (Appendix 2.A). Unlike Chapter 2, 
since the responses were aggregated in this study (Chapter 3), only data with the first 
four health claims were included in order to keep the amount of responses even 
among all participants. These 17 health claims were selected based on their market 
presence in the study countries, covering the functional categories heart health, brain 
health, digestive system, immune system, bone health and tooth health. For each of 
the four health claims, participants were asked to rate the statement ‘I use this health 
claim while food shopping’ on a five-point Likert scale. The variable Use of specific 
health claims was the aggregated and averaged score across the four claims.   
Assuming that motivation and ability and their underlying factors would differ 
depending on whether or not a national health claims regulation was in place before 
the 2006 EU Regulation, the 10 European countries were categorized into two groups 
based on insights from earlier work within the project (Hieke et al., 2016b). Countries 
with (Germany, The Netherlands, Spain, Slovenia, Demark and Greece) and without 
(United Kingdom, Czech Republic, France and Lithuania) precedent health claims 
regulation prior to 2006 were grouped.  
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Table 3.1. Factor loadings, reliability and validity estimates for the items and constructs related to motivation and ability to process health claims 




VE MSV ASV 
Interest in healthy eating  0.74* 0.80 0.45 0.18 
I am very particular about the healthiness of food I eat 0.85     
I eat what I like and I do not worry much about the healthiness of fooda  0.56     
I always follow a healthy and balanced diet 0.72     
Need for information  0.80 0.52 0.49 0.20 
It is necessary for me to know the nutrient content of food products 0.75     
It bothers me if health-related information is not available on food products 0.79     
It is important to me to receive information on food products stating that the food or 
one of its constituents reduces a risk factor in the development of a human disease 
0.73     
Motivation to process health claims  0.92 0.57 0.49 0.25 
I am interested in looking for health claims on food 0.85     
I pay attention to health claims on food while food shopping 0.91     
I often use health claims on food while food shopping 0.92     
Ability to process health claims  0.84 0.64 0.45 0.19 
Compared to most people, I am quite knowledgeable about health claims and symbols 0.85     
Compared to most people, I am more confident in using health claims and symbols to 
make a food choice 
0.87     
I feel confident about my ability to understand health claims and symbols on food labels 0.68     
a item reversed for analysis 
*the Composite Reliability (CR) score is 0.76; CR of the other latent variables have the same Cronbach’s α 
All factor loadings are significant at p<0.001; fit statistics for the pooled data: Maximum Likelihood (Observed Information Matrix) chi-square (48) = 549.56, 
p<0.001; Root Mean Squared Error of Approximation = 0.044; Comparative Fit Index = 0.986; Standardized Root Mean Residual=0.022 
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For segmentation of health claim users, the 10 studied European countries were 
categorized into three groups based on their geographical location in Europe: Western 
and Northern Europe (Denmark, France, Germany, Netherlands, and United Kingdom), 
Central and Eastern Europe (Slovenia, Czech Republic and Lithuania) and Southern 
Europe (Spain and Greece). Participants’ consumption frequency of food products 
carrying a health claim was assessed using a frequency scale from daily (=7), five to six 
times a week (=5.5), three to four times a week (=3.5), two times a week (=2), once a 
week (=1), less frequently (=0.5) and never (=0). Only foods that bear health claims and 
are available in the studied countries were listed. The selection of foods was based on 
the findings of Hieke et al. (2016c). 
3.3.3 Data analysis 
Statistical analyses were performed mainly using the software Stata 13.0 (StataCorp, 
2013a). Statistical significance was set at α = 0.05. Descriptive analyses were used to 
describe the sample characteristics and the other variables (both observed and latent 
variables). Cronbach’s alpha coefficients and composite reliability (CR) scores were 
computed to measure the internal consistency and reliability of the scales. A value of 
0.70 was considered as threshold for a satisfactory scale (Hair et al., 2010; Robinson et 
al., 1991). Adequate convergent validity is characterised by an average variance 
extracted (VE) that is larger than 0.5 for all constructs; discriminant validity is 
confirmed when the VE is larger than the maximum shared variance (MSV) and 
average shared squared variance (ASV) (Hair et al., 2010; Fornell & Larcker, 1981). Each 
of these parameters were checked to confirm validity. 
An unmeasured latent method factor was added to the measurement model to test for 
common method bias (Podsakoff et al., 2003), which was performed with the 
statistical programme SPSS Amos 22 (Arbuckle, 2013). All items were loaded on the 
corresponding theoretical latent constructs, as well as on the unmeasured latent 
method factor. Standardised regression weights were compared between the 
measurement models with and without the unmeasured latent method factor. 
Differences of less than 0.2 are considered small (Cohen, 1988). In addition, variances 
of the individual items were partitioned into three components; variance accounted 
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for by the four theoretical latent constructs, by the unmeasured latent method factor 
and by random error (Widaman, 1985). The amount of variance explained by the 
unmeasured latent method factor indicates the eventual severity of the common 
method bias problem. Williams and colleagues (1989) reported 25% as the typical 
amount of method variance. 
A structural equation modelling (SEM) analysis was used to test the conceptual model 
for the total sample first. Secondly, a multiple-group SEM analysis was conducted to 
investigate the same model in the two subgroups of countries defined by their 
regulatory environment before the 2006 EC Regulation on nutrition and health claims. 
Since the survey was performed in 10 European countries, some concerns can be 
raised related to the cross-cultural validity of the collected data. Therefore, analysis of 
the measurement invariance of latent variables was performed through confirmatory 
factor analyses (CFA) using the robust maximum likelihood procedure (Satorra & 
Bentler, 1988) in the statistical freeware R version 2.15.3 (R Core Team, 2013) and the 
R package lavaan (lavaan.org) (Rosseel, 2012). 
Correlation coefficients were calculated between the variables of interest. All 
correlations were below 0.70, thus multicollinearity was not a concern in the present 
data (Tabachnick & Fidell, 2001). Consequently, SEM parameters for the relationships 
between the seven concepts were estimated and the general fit of the model was 
assessed, first for the total sample, and then for the two subgroups of countries. Since 
the chi-square test statistic is not an appropriate measure of goodness-of-fit with large 
sample sizes (n= 5337), other goodness-of-fit indices were reported: RMSEA (Root 
Mean Square Error of Approximation), CFI (Comparative Fit Index), SRMR 
(Standardized Root Mean Residual) and CD (Coefficient of Determination). Values 
below 0.08 for RMSEA and SRMR and above 0.90 for CFI indicate a satisfactory model 
fit (Hair et al., 2010); CD of 1 indicates a perfect fit (StataCorp, 2013b). For the 
inspection of changes in fit indices, the difference in CFI (ΔCFI) is widely used as the 
empirically best supported criterion to define invariance (Chen, 2007; Cheung & 
Rensvold, 2002; Bentler, 1990). Most often a threshold value of ΔCFI < 0.01 indicates 
whether a more constrained model (e.g. the metric invariance model) shows a 
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substantial decrease in model fit compared to a less constrained model (e.g. the 
configural invariance model) (Cheung & Rensvold, 2002). 
Two-step cluster analysis was used to segment health claim users based on consumers’ 
health claim use frequency and use of specific health claims. Three segments were 
obtained across the 10 countries: segment characterised by different levels of health 
claim use frequency and use of specific health claims. Bivariate analyses were used to 
profile all segments. Effect sizes, Cramer’s phi (ϕc) or partial eta-squared (ηp²) 
statistics, were included in the analyses to support interpretation of the p-value for 
which very low values can be obtained from large sample sizes as in this study. Effect 
sizes indicate the proportion of variance in the variable (e.g. user groups) explained by 
another variable (e.g. socio-demographic and health characteristics) and, as such, 
indicate the strength of a relationship between variables and the magnitude of 
differences between groups (Levine & Hullett, 2002). Cramer’s phi was computed for 
chi-square tests and considered small from 0.1, medium from 0.3 and large from 0.5 
(Olivier & Bell, 2013). Partial eta-squared was computed for Kruskal–Wallis one-way 
analysis of variance analyses and considered small from 0.01, medium from 0.06 and 
large when equal to or greater than 0.13 (Harlow, 2005).  
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3.4 Results 
3.4.1 Participant characteristics 
Table 3.2 shows the socio-demographic characteristics as well as the descriptive 
statistics for each measure for both the total sample and the two country subgroups 
based on the health claim regulation prior to 2006. Gender and age distributions 
closely match the national census data of the 10 countries. The total sample and 
subgroups had a mean age of 44 years and an almost even distribution of gender. 
About half of the participants had received a higher education, and about one fifth of 
them did not reach or complete secondary education. The sample of the subgroup of 
countries without a national health claims regulation before 2006 consisted of a 
significantly higher proportion of lower educated participants (p-value < 0.001). 
An overall moderate motivation and ability to process as well as use of health claims 
was observed. Participants’ interest in healthy eating and need for information were 
positive with a mean score of around 3.5 out of 5. Health claim-related knowledge was 
moderate to fair with participants scoring on average 3.0 on the 0-5 scale (Table 3.2). 
Frequency distributions for the response categories of the knowledge items are 
included in Appendix 3.A. Participants were best aware of the fact that ‘a healthy 
cardiovascular system’ is linked with heart health, while they were the least aware of 
the fact that increased iron absorption in intestines is not a benefit contributed by 
fibre. For all measures except for health-claim related knowledge (p-value = 0.36) and 
ability to process health claims (p-value = 0.07), a significantly higher mean score was 
observed for the subgroup of countries with a national health claims regulation before 
2006 (all p-values < 0.01).  
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Table 3.2. Descriptive characteristics for the total sample and subgroups (mean ± SD, unless 
otherwise specified) 

















Gender (%) Male 49.8 50.4 48.9 
0.299b 
  Female 50.2 49.6 51.1 
    
 
   
 Age  43.6 ± 14.6 43.9 ± 14.5 43.2 ± 14.6 0.103 
    
 
   
Education (%) Low 18.3 15.2 23.0 
<0.001b   Medium 27.1 28.8 24.4 
  High 54.7 56.0 52.6 
      
Interest in healthy eating 3.30  ± 0.80 3.35 ± 0.79 3.24 ± 0.81 <0.001 
Need for information 3.55  ± 0.87 3.59 ± 0.86 3.47 ± 0.87 <0.001 
Health claim-related 
knowledge 
2.98  ± 1.39 2.97 ± 1.37 3.00 ± 1.42 0.360 
Motivation to process 3.01  ± 0.99 3.05 ± 1.00 2.95 ± 0.98 <0.001 
Ability to process 3.06  ± 0.82 3.08 ± 0.80 3.04 ± 0.84 0.071 
Frequency of health claim use 2.78 ± 1.13 2.81 ± 1.11 2.73 ± 1.15 0.004 
Use of specific health claims 2.80 ± 0.01 2.83 ± 0.86 2.76 ± 0.83 0.001 
a p-value corresponding to the nonparametric Wilcoxon’s rank-sum test (Mann-Whitney U 
test); b p-value corresponding to the chi-square test for comparison of sample characteristics 
between the two subgroups  
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3.4.2 Measurement model 
PCA revealed that the individual items for each latent construct (three items per 
construct) were tapping a single dimension with proportions of explained variance 
ranging from 67% to 87%. EFA across all items showed no cross-loadings equal to or 
above 0.4. CFA confirmed that all items in the measurement model reflect the 
theoretical constructs as expected and a four-factor solution is best suited for the data. 
Standardised factor loadings, reliability and validity estimates are presented in Table 
3.1. The individual item loadings on the constructs were all highly significant with 
values between 0.56 and 0.92. Cronbach’s alpha and composite reliability scores 
ranged from 0.74 to 0.92, thus well above the threshold value for satisfactory scales. 
Convergent validity and discriminant validity of the latent construct measures were 
satisfied, as the VE was larger than 0.5 and larger than the MSV and ASV for all 
constructs.  
Common method bias is not a pervasive problem in this study, as the differences in the 
standardised regression weights between the measurement models with and without 
the unmeasured latent method factor were all below 0.1. The average variance 
accounted for by the four theoretical latent constructs was 68% and random error was 
36%. The unmeasured latent method factor only accounted for 14% of the variance, 
which is far below the recommended value of 25% (Williams et al., 1989).     
3.4.3 Measurement invariance 
Given the cross-cultural nature of the study, the condition of measurement invariance 
had to be verified in order to ascertain that common factors are associated with the 
same items across the 10 countries (i.e. configural invariance) and that common 
factors have the same meaning across countries (i.e. (partial) metric invariance). When 
the measurement invariance holds, it implies that the expected observed responses on 
average do not differ depending on the participants’ population membership (i.e. the 
10 countries), in which case the data can be pooled (Millsap, 2012; Steenkamp & 
Baumgartner, 1998).  
Profiling consumers who use health claims: the role of motivation and ability 
67 
 
Following a stepwise procedure, four independent multiple-group CFA models were 
estimated for each of the constructs measured in this study. Firstly, the fit regarding 
the configural invariance assumption was satisfactory for all five measures due to the 
self-identified nature of the models. Secondly, the assumption of (full) metric variance 
was tested but could not be fulfilled. Modification indices were calculated to test for 
any linear constraints that could be relaxed to improve the model fits whilst 
accounting for changes in all the parameters. By leaving some of the item loadings 
unconstrained, acceptable model fits were obtained for the partial metric invariance 
models (all ΔCFI < 0.01). Partial metric invariance is the minimum criterion required to 
be established (Vandenberg & Lance, 2000). This indicated that the latent variables 
have the same meaning across all 10 countries and that SEM analysis can be 
performed on the pooled sample. 
3.4.4 Structural equation model  
Based on the satisfactory CFA result for measurement invariance, a full SEM was run 
first for the total sample (Model 1) and then for the two subgroups of countries 
(Model 2). The tested Model 1 summarizing the key determinants of health claim use 
and their relationships is shown in Figure 3.1. In general, both models performed well 
as indicated by the goodness-of-fit indices (Model 1: Chi-square = 1106.60, df = 80, CFI 
= 0.977, SRMR = 0.028, RMSEA = 0.049, CD = 0.808; Model 2: Chi-square = 1501.07, df 
= 185, CFI = 0.970, SRMR = 0.034, RMSEA = 0.052, CD = 0.808). The standardised 
estimates of the relationships for the country group comparison in Model 2 are 
provided in Table 3.3. 
For the total sample as well as for each of the subgroups, a significant and strong 
relationship between interest in healthy eating and need for information was observed 
(Path A). This association was stronger for those countries with a national health 
claims regulation before 2006, and it was found to be the strongest path in the model, 
indicating that participants who show a stronger interest in healthy eating declared to 
have a higher need for health-related information. A significant, though weaker path 
from interest in healthy eating to motivation to process was observed, both directly 
(Path B) and indirectly (Path A and C) through need for information. A higher need for 
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information resulted in a stronger motivation to process health claims (Path C), 
regardless of participants’ country’s history of use and regulation of health claims. 
Interest in healthy eating was positively related to the level of health claim-related 
knowledge (Path D). This link was much stronger in the subgroup of countries with a 
national health claims regulation before 2006. The path from interest in healthy eating 
to ability to process (Path E) was much stronger than the path from health claim-
related knowledge (Path F), in which the latter was significant yet with very small 
coefficients.  
Remarkable was the negative relationship between health claim-related knowledge 
and motivation to process health claims (Path G); the coefficients were small but 
significant. It suggests that the more consumers know about health claims, the less 
motivated they are to process these claims. 
Motivation to process had a strong and positive link to ability to process (Path H), 
while the opposite path from ability to motivation was negative and had a tendency to 
be significant only for counties with national health claims regulation before 2006 
(Path I). Compared to ability, participants’ motivation to process health claims was 
clearly a much more important predictor of health claim use frequency (Path J versus 
Path L) and of the use of specific health claims (Path K versus Path M).  





All p<0.001, except *0.01<p<0.05 
Latent variables are represented by ovals and observed variables are represented by rectangles. Letters A – M refer to the paths listed in Table 3.3 for the 
comparison between subgroups of countries  
Figure 3.1. Conceptual model and standardized coefficients from Structural Equations Modelling for the total sample (n=5337) relating motivation and 
ability to process health claims (and determinants) to health claim use 
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Table 3.3. Standardized coefficients for the hypothesized relationships in the conceptual model: comparison between subgroups of countries with versus 
without national health claims regulation before 2006 
Construct Path Construct 











Interest in healthy eating →A Need for information 0.74 0.67 0.009 
Interest in healthy eating →B Motivation to process 0.25 0.20 0.875 
Need for information →C Motivation to process 0.59 0.58 0.474 
Interest in healthy eating →D Health claim-related knowledge 0.21 0.12 0.006 
Interest in healthy eating →E Ability to process 0.19 0.23 0.576 
Health claim-related knowledge →F Ability to process 0.04* 0.05 0.490 
Health claim-related knowledge →G Motivation to process -0.06 -0.06 0.866 
Motivation to process →H Ability to process 0.63 0.60 0.697 
Ability to process →I Motivation to process -0.17# n.s. 0.513 
Motivation to process →J Frequency of health claim use 0.68 0.66 0.360 
Motivation to process →K Use of specific health claims 0.45 0.44 0.600 
Ability to process →L Frequency of health claim use 0.17 0.18 0.625 
Ability to process →M Use of specific health claims 0.28 0.29 0.538 
n.s. denotes insignificance; # 0.05<p<0.1; *0.01<p<0.05; all other p< 0.00; a p-value corresponding to the z-score test developed based on Clogg, Petkova & 
Haritou (1995) and Paternoster, Brame, Mazerolle & Piquero (1998) for comparison of coefficients between the two subgroups of countries. Both models 
satisfied the stability condition based on the eigenvalue stability index (Bentler & Freeman, 1983). Letters A – M refer to the paths presented in Figure 3.1.
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3.4.5 Health claim user segmentation  
Consumers were segmented based on health claim use frequency and their use of specific 
health claims. A three-cluster solution was determined as the optimal number of segments. 
Segment 1 ‘Attentive’ accounted for 27.5% of the sample and included participants who 
reported the highest levels of health claim use. ‘Attentive’ quite or very often use health 
claims and generally agree that they use the specific health claims while food shopping. 
Segment 2 ‘Indifferent’ included 33.3% of the sample, in which participants reported 
moderate levels of health claim use. ‘Indifferent’ sometimes use health claims and generally 
neither agree nor disagree that they use the specific health claims while food shopping. 
Segment 3 ‘Distracted’ (39.2% of the sample) accounted for the biggest proportion and the 
lowest levels of health claim use were reported. ‘Distracted’ rarely or never use health 
claims and generally disagree that they use the specific health claims while food shopping.   
Moving along the groups from ‘Distracted’ to ‘Indifferent’, and to ‘Attentive’ indicates an 
increasing level of health claim use. In relation to the attitudinal and cognitive determinants 
in explaining health claim use (shown in Appendix 3.B), the segmentation results support the 
conceptual model proposed in the previous section, where all determinants positively 
associated with health claim use with large effect sizes except for health claim-related 
knowledge. In terms of socio-demographic characteristics, the proportions of gender and 
age groups were evenly distributed across the segments. Health claim use was higher among 
participants from Southern Europe and lower in Northern and Western Europe. The 
‘Attentive’ was characterized by an overrepresentation of participants with a tertiary 
education level or above, who were the main grocery shopper for household, having a 
special diet status and having a normal weight. The segment ‘Indifferent’ had a proportional 
distribution similar to the socio-demographic characteristics of the overall sample. In 
contrast to the ‘Attentive’, the ‘Distracted’ were overrepresented by participants with an 
education below tertiary level, who were not the main grocery shoppers for their household, 
not on a special diet as well as having an obese bodyweight (Table 3.4). The effect sizes were 




Table 3.4. Segment profiles in terms of socio-demographic and health characteristics (% of 
respondents, n = 5337) 
Segment size: n (% of sample) 









Gender Male 50.1 48.5 50.6 0.412 
(0.018) Female 49.9 51.5 49.4 
     
Age group 
18 – 34 years 33.4 30.4 30.2 0.274 
(0.022) 35 – 54 years 40.3 41.8 41.3 
55 – 74 years 26.3 27.8 28.5 
      
Region 
Southern Europe 30.9c(2) 21.3b(1,2) 12.3a(1) < 0.001  
(0.135) Northern and Western Europe 42.5a(1) 47.4b(1) 57.5c(3) 
Central and Eastern Europe 26.6a(1) 31.3b(2) 30.2a,b(2) 
     
Education Below tertiary level 41.1a(1) 44.3b  49.2c(2)  < 0.001 
(0.067) Tertiary level or above 58.9b(2) 55.7b 50.8a(1) 
      
Main grocery 
shopper for 
household   
Yes  78.8b(2) 73.9a 71.3a(1) < 0.001 
(0.052) No 5.1a(1) 6.7a,b 8.3b(2) 
Shared responsibility 16.1a(1) 19.4b 20.4b(2) 
      
Household 
with children 
Yes 67.4 66.4 65.3 0.411 
(0.018) No 32.6 33.6 34.7 
     
Special diet 
status 
Yes 42.1c(2)  28.3b 18.8a(1)  < 0.001  
(0.208) No 57.9a(1) 71.7b 81.2c(2) 
 
     
Perceived 
health status 
Very bad or bad 8.8 8.6 8.3 0.225 
(0.023) Fair 33.6 36.8 37.2 
Good or very good 57.6 54.6 54.5 
      
Body Mass 
Index (BMI) 
Underweight 2.8(1,2) 2.6 2.8(1,2) 0.001 
(0.051) 
  
Normal weight 51.7b(2) 48.7a 44.4a(1) 
Overweight 29.9(1) 33.7 33.4(1,2) 
Obese 15.6a(1,2) 15.0a  19.4b(2) 
The superscripts a – c indicate significantly different levels or proportions across the three segments (across 
rows) at the 0.05 level in ascending order; (1) – (3) denotes significantly different proportional distribution of the 
groups among a variable within the segment (across columns) at the 0.05 level in ascending order. Cramer’s phi 
(ϕc) indicates the magnitude of effect sizes. 
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Consumption frequency of food products carrying a health claim varied among the segments 
with mostly small effect sizes, except for nuts and dried fruit. In general, bread was 
consumed daily and dairy products were consumed five to six times a week by all segments. 
For certain products such as breakfast cereals, fruit juice, mineral water, and nuts and dried 
fruit, the ‘Attentive’ had the highest consumption frequency, followed by ‘Indifferent’ and 
then ‘Distracted’ (Table 3.5).   
Table 3.5. Segment profiles in terms of consumption frequency of food products carrying health 
claim (medians, n = 5337) 
Segment size: n (% of sample) 
Attentive Indifferent Distracted 
p-value  ηp² 




Dairy products 5.50 5.50 5.50 0.616 <0.001 
Breakfast cereals 3.50c 2.00b 0.50a <0.001 0.038 
 Bread 7.00b 7.00b 7.00a 0.008 0.001 
 Margarine and 
spread 
2.00b 2.00a 2.00a <0.001 0.004 
 Fruit juice 3.50c 2.00b 1.00a <0.001 0.031 
 Biscuits 1.00b 1.00a,b 1.00a <0.001 0.003 
 Food supplements 0.50c 0.50b 0.50a <0.001 0.019 
 Mineral water 3.50c 2.00b 1.00a <0.001 0.020 
 Flavoured water 0.50c 0.50b 0.00a <0.001 0.007 
 Nuts and dried fruit 2.00c 1.00b 0.50a <0.001 0.062 
The superscripts a – c indicate significantly different consumption levels across the three segments (across rows) 
at the 0.05 level in ascending order; bimodal distribution was observed, means are therefore not reported. 
Partial eta-squared (ηp²) indicates the magnitude of effect sizes.  
In relation to Chapter 2, the three segments differed in the overall ratings of the specific 
health claims regarding familiarity, understandability and credibility with medium to large 
effect sizes (Table 3.6). The ‘Attentive’ gave the highest ratings on all aspects followed by the 
‘indifferent’ and then the ‘distracted’. 
Table 3.6. Segment profiles in terms of ratings on the specific health claims (medians, n = 5337) 
Segment size: n (% of sample) 
Attentive Indifferent Distracted 
p-value  ηp² 
1468 (27.5) 1776 (33.3) 2093 (39.2) 
Familiarity 3.60c 3.20b 2.80a <0.001 0.172 
Understandability  3.80c 3.40b 3.20a <0.001 0.101 
Credibility 3.75c 3.40b 3.00a <0.001 0.143 
The superscripts a – c indicate significantly different medians across the three segments at the 0.05 level in 





Considerable effort has been devoted to safeguard consumers’ understanding of health 
claims and avoid possible misleading. According to the EC Regulation (1924/2006/EC) on 
nutrition and health claims made on foods, claims shall only be used if the average consumer 
can be expected to understand the claimed beneficial effects (EC, 2006b). From a theoretical 
perspective, the availability of scientifically-sound health claims leads to their accurate use 
only if accompanied by consumers’ motivation and ability to process the claim information 
(ELM by Petty & Cacioppo 1986; M-A-O used by Maclnnis & Jaworski 1989 and Maclnnis et 
al., 1991). Yet, little attention has been paid to the motivational process underlying 
consumers’ processing of health claims. Therefore, the present study investigated the 
relative importance of consumers’ motivation and ability to process health claims and 
certain determinants in explaining the use of health claims. 
European consumers showed to be only moderately motivated and able to process and use 
health claims. Their motivation to process was clearly a more important predictor of health 
claim use than their ability. This result is consistent with other studies on determinants of 
nutrition information use (Hoefkens et al. 2012; Keller et al., 1997; Moorman, 1990). Also, 
ability was reported to be higher when participants had a higher level of motivation. The 
negative and less significant effect of processing ability on motivation stands in contrast to 
previous research (Moorman, 1990; Petty & Cacioppo, 1986). In the present study, 
motivation to process impacted claim usage both directly and indirectly through ability to 
process. This suggests that food and nutrition policies and marketing strategies should focus 
on ways to improve consumers’ motivation to process health claims rather than only 
facilitating their ability and understanding e.g. through adapting the wording or length of 
health claims. 
In an attempt to shed light on this recommendation, determinants of motivation and ability 
were studied. Consistent with expectations, need for information was the most important 
determinant for motivation to process health claims. The second most important factor was 
interest in healthy eating, in line with Dean et al. (2012), who reported that food products 
with health claims are more appealing to consumers who are interested in healthy eating.  
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As Wandel (1997) and Drichoutis et al. (2005) suggested, consumers who are more 
interested in healthy eating tend to read more health-related information, wherein they can 
gain more knowledge and eventually become more confident in their ability to process 
information as such. This may explain the positive impact of interest in healthy eating on 
health claim-related knowledge and ability to process health claims. 
Health claim-related knowledge was found to negatively influence participants’ motivation 
and was weakly linked to their ability to process health claims. This means that a higher level 
of knowledge does not necessarily support the use of health claims. A possible explanation is 
that people feel their current status of knowledge to be sufficient and/or find health claims 
either irrelevant to them or even misleading, thus they are less motivated to process health 
claims (Bettman & Park, 1980; Maclnnis & Jaworski, 1989; Moorman, 1990). In accordance 
with this explanation, Nayga (1999) found that higher educated individuals were less likely to 
believe that nutrition labels contribute to healthier food choices. On the other hand, 
knowing more may also involve knowing what is not yet known, which may explain the weak 
association between knowledge and self-estimated ability (Moorman, 1990).   
While some studies suggest knowledge to be the strongest indicator of consumers’ ability to 
correctly understand health-related information (Grunert et al., 2010), others argue for a 
lesser role of knowledge as a determinant of health information processing and food choice 
(Pieniak et al., 2007; Pieniak, Aertsens & Verbeke, 2010; Verbeke, 2008). Other studies point 
out that even though consumers could understand many of the terms or types of nutrients 
mentioned, they do not truly understand the role that food products or functional 
ingredients play in their diets and overall health (Cowburn & Stockley, 2005). Consumers’ 
ability to process health claims – which still matters and contributes to health claim usage, 
though to a lesser extent than does their motivation – could potentially be improved by 
better informing consumers about the EC Regulation 1924/2006, wherein health claims are 
authorized only when they are substantiated by scientific evidence and proven to be 
understood and meaningful to average consumers. 
In addition, ability and motivation to process health claims might be a fundamental part of 




social skills which determine the motivation and ability of individuals to gain access to, 
understand and use information in ways which promote and maintain good health. Health 
literacy is a predictor of food label use, and expected to positively predict dietary quality 
(Cha et al., 2014). 
The effects of motivation and ability on the two components of use differed in size. The link 
from motivation to frequency of health claim use was four times stronger than the link from 
ability. Though motivation still outweighed ability in explaining use of specific health claims, 
the difference is smaller. A possible reason is that frequency of health claim use in general is 
more of an attitudinal measure, while use of specific health claims is more closely linked to 
an actual recollection of behaviour, since concrete examples of health claims were provided.   
In spite of differences across European countries in their historical and current prevalence of 
health claims (Hieke et al., 2016c; Storcksdieck genannt Bonsmann et al., 2010), the present 
study did not find substantial dissimilarities in the empirically tested model (Figure 3.1) 
between those countries that had a health claims regulation in place before 2006 and those 
that did not. The absence of substantial differences may be the result of the time interval of 
almost one decade between the enacting of the EC Regulation and the data collection of this 
study. Besides, the fast speed of product innovation especially multinational companies (Siro 
et al., 2008), and the huge volume of internal trade among the European Union might have 
narrowed the gap. On the other hand, food producers in countries which had national claim 
regulation before 2006 might be more familiar with the procedure, and adapt to the change 
of regulation more quickly. Likewise, consumers in these countries might as well be more 
familiar with the legislative environment, and the resulting products with health claims. 
Meanwhile, countries with a more lenient legislative environment were likely to have a more 
rapid growth in functional food market (Side, 2006). Other potential influences on claim use 
that might explain observed differences between country groups are, for example, 
differences in the market presence of brands or brand quality perception, as well as cross-
cultural differences in habits, familiarity and liking of products with health claims. While the 
observed differences may thus not be univocally attributed to historical differences in the 
policy context, it is noteworthy that for those countries that had a more restrictive practice 
with regard to the approval of health claims on food products (before 2006), a stronger 
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effect of interest in healthy eating on need for information and on health claim-related 
knowledge was observed. Countries with health claims regulations prior to 2006 were also 
characterized by a significantly higher level of interest in healthy eating, need for 
information, motivation and both types of health claim use. The more lenient approval 
approach in the other countries resulted in a higher incidence of non-regulated health claims 
on-pack but also higher mass-media coverage (Hieke et al., 2016b). As such, consumers may 
have been more heavily exposed and possibly influenced by these information sources 
(Menrad, 2003; Verbeke, 2008). As Vyth et al. (2009) reported that consumer awareness of 
governments’ or scientific authorities’ support might increase the perceived credibility (of a 
health logo in their study), it is reasonable to expect that the absence of such support 
combined with mass media coverage and the perception of health claims as a ‘marketing 
scam’ lowers the perceived credibility of health claims among consumers (e.g. Verbeke et 
al., 2009), and makes consumers uninterested or less motivated to process claims.   
Consumer segments with different levels of health claim use were profiled. Aachmann, 
Hansen & Grunert (2013) reported that consumers largely ignore health claims, and 
‘Distracted’ was the largest segment in our study as well. It has been widely reported in the 
literature that female gender, higher educational level, and/or presence of children in the 
household are positively associated with level of health claim use (e.g. Annunziata & 
Vecchio, 2013; Lynam, McKevitt & Gibney, 2011; Grunert, Fernández-Celemín, Wills, 
genannt Bonsmann & Nureeva, 2010; Gracia, Loureiro & Nayga, 2007). Yet our study found 
no gender difference as in Annunziata and Vecchio (2013) and Urala and Lähteenmäki 
(2007). Based on previous studies, there is no consistent relation between age and health 
claim use (e.g. Cavaliere, Ricci & Banterle, 2015; Lynam, McKevitt & Gibney, 2011; Ares, 
Giménez & Gámbaro, 2009), in which our study found no age difference. The highest level of 
health claim use was reported by consumers from Southern Europe in our study, whereas 
Saba et al. (2010) found that Italian consumers preferred food products without health 
claims even though they perceived foods with claims healthier. Although consumers with a 
special diet status reported a higher level of health claim use as in other studies (e.g. Dean et 
al. 2012; Lewis et al. 2009), health claim use did not differ between consumers who 




and Drichoutis, Lazaridis, Nayga, Kapsokefalou and Chryssochoidis (2008), health claim use 
was higher among individuals with normal weight and lower among obese individuals. Yet it 
is noteworthy that no weight-related health claim was included in the list of specific health 
claims in our study. In line with expectations, higher health claim use was mostly among the 
main household grocery shoppers and individuals who had higher consumption frequency of 
food products carrying health claim, which might be due to the increased opportunity of 
coming across health claims at shops or on the products. The effect size of consumption 
frequency of nuts and dried fruit was relatively large in explaining the segments, while there 
are only two authorized health claims on these foods until now (i.e. ‘walnuts contribute to 
the improvement of the elasticity of blood vessels’ and ‘dried plums/prunes contribute to 
normal bowel function’) (EC, 2017). This finding suggests that it might be worthwhile for 
nuts and dried fruit producers to invest in health claims. 
 ‘Attentive’ health claims users had the highest ratings on familiarity, understandability and 
credibility, which suggests that these health claim characteristics are likely crucial 
determinants of health claim use (e.g. Wong et al., 2014; Lähteenmäki, 2013; Williams, 2005; 
Svederberg, 2002). A notable example is related to the plant sterols and stanol esters health 
claim featuring cholesterol-lowering. These plant substances were considered relatively 
unfamiliar to consumers a few years ago (Wong et al. 2014). Yet, they have been heavily 
advertised in Europe mostly coupled with fortified dairy and spread products. Recently, not 
only the cholesterol-lowering health claim has been used, the products bearing this health 
claim have been consumed more widely as well, even in the non-cholesterol-challenged 
population (Chapter 2). Based on the result of segmentation, familiarity is positively 
associated with health claim use with a large effect size. Thus this highlights the importance 
of other information sources in influencing health claim use, potentially through familiarity. 
Overall, socio-demographic characteristics only have small effect sizes in relation to user 
segments, while the effect sizes of health claims’ familiarity and credibility were large, 
consistent with the observation of Lähteenmäki (2013).  
The reported findings have relevant implications for policy makers, food industry and 
consumers. It can be argued both from a food marketing and public health perspective that 
it is reasonable to encourage consumers’ use of health-related information that is made 
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available to them through health claims, even though it has been shown that the nutrient 
profiles of foods with health claims are only marginally better than of those that do not carry 
claims, and that it remains unclear whether these small differences have a significant impact 
on human health (Kaur et al., 2016). Food companies are investing in adapting their product 
formulations towards healthier options, and their files are being scrutinized and approved by 
EFSA prior to using health claims on the EU market with the aim to avoid misleading and to 
increase transparency as an important pillar of consumer protection. In order to encourage 
European consumers to use health claims, it is important to increase their motivation to 
process these claims by fostering the information needs. This may be achieved by using 
innovative ways to change the perception of a possible negative association between 
healthiness and tastiness (Raghunathan et al., 2006; Verbeke, 2006). The study of Wang et 
al. (2016) has shown that the presence of the Keyhole symbol on snacks improved 
consumers’ perception of healthiness without affecting taste perception. Consumers’ 
motivation to use health claims might also be triggered by increasing the personal relevance 
of a healthy diet that aims at improving consumers’ interest in healthy eating. 
Given that consumers’ motivation and use to process health claims are significantly lower in 
countries where health claims have been mainly communicated through mass media (which 
are generally less trusted information sources), it may be recommended for the food 
industry to limit or self-regulate the use of propositions that are not fully scientifically sound 
in their product positioning and communication strategies. Instead, it is advisable to provide 
rational arguments for the choice of one product over another to build and maintain health-
oriented competitive advantages. In order to support and/or develop targeted and thus 
potentially more successful policy and marketing actions, it will be important to identify 
consumer segments according to their ability and especially their motivation to process 
health claims and to profile these segments based on their underlying determinants, among 
others, such as socio-demographic and health characteristics (e.g. diet status, medical 
history). Finally, the findings of this study also indicate that international harmonisation, 
which has been flagged as desirable and expected to enhance consumers’ opportunity to use 
health claims (de Boer & Bast, 2015) might contribute to more consistent consumer 




The main strengths of this study pertain to its large and relevant sample including 10 
European countries with differences in their history of use of health claims, the national 
representativeness of the country samples, as well as the fact that the same methodology 
was applied in all countries. To our knowledge, this is the first study that addresses the 
important role of individual differences in explaining consumers’ use of health claims, 
especially the combination of motivation and ability to process health claims on food 
packages. 
Some limitations should also be acknowledged, which open up opportunities for further 
research. First, all data collected in this study are the result of self-reporting; responses may 
thus be affected by recall (e.g. frequency and use of health claims) and social desirability bias 
(e.g. motivation and ability), which impedes extrapolation to actual behaviour, for example. 
Second, the present study focused on consumers’ motivation and ability to process health 
claims, assuming that opportunity is present, and motivation and ability are prerequisites for 
information use, purchase and consumption of products which bear such information. 
Although the results showed significant effects of motivation and ability to process on self-
reported claim use, it is still uncertain how this will impact actual consumers’ food choice 
and consumption, as food purchases are influenced by a large number of different factors 
among which the presence of health claims is just one (Ares & Gámbaro, 2007; Urala & 
Lahteenmaki, 2007). Motivation and ability to process information are only a prerequisite for 
elaboration and use of information in the decision-making process, yet they are crucial due 
to the fact that consumers are unlikely to pay attention to and use information if they are 
not able and, especially, not motivated to process it. 
Third, the measures in this study were cognitive in nature. According to the appraisal theory, 
emotion is involved when individuals appraise stimuli, in which the specific reactions are 
caused affectively (Ellsworth, 2013). For example, one’s interest in healthy eating may 
trigger a positive affectively based evaluation of products containing health claims. On the 
other hand, consumers can have implicit and/or unconscious motives above rational explicit 
motives. This affective or implicit route was not assessed in this study, future studies can 
refer to the self-determination theory (Ryan and Deci, 2000), in order to take the 
multifaceted aspects of motivation into account. 
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Fourth, owing to the complex nature of health information seeking behaviour and the 
important individual and contextual differences, including policy-related context factors, 
further research is warranted to evaluate whether motivation and ability eventually lead to 
healthier eating behaviour and relevant health outcomes. Such insight is indispensable to 
the development of tailor-made public health policies that truly benefit consumers in the 
future. 
Fifth, other factors than the determinants selected for this study may explain differences in 
consumers’ motivation and ability to process health claims. Health claims appear on food 
packages in different forms or formulations adapted to the specific product-ingredient 
combination as approved by EFSA. Our study investigated health claims mainly as a general 
concept rather than specific health claims. It therefore remains to be studied whether and to 
what extent the determinants analysed in this study influence the use of specific individual 
health claims. Furthermore, health claims appear on packages not in isolation but in a 
context that can modify the effects on understanding, purchasing and consumption. For 
example, it is known that organic claims and ingredient lists are sometimes used by 
consumers as indicators of healthiness (Lee & Yun, 2015). This may reinforce a possible 
health message if used in conjunction with health claims (Aschemann-Witzel, Maroscheck & 
Hamm, 2013; Ares, Giménez & Gámbaro, 2009). Likewise, the use of health-related symbols 
and pictures (e.g., healthy people, people exercising, agricultural and countryside 
landscapes) may have a similar effect. Also, personal difference variables such as familiarity, 
type of claim, the choice of carrier product, and the real or perceived product-ingredient 
match can determine to what extent people trust, understand and use a health claim or are 
willing to try the respective product (Lähteenmäki, 2013; Krutulyte et al., 2011; Verbeke et 
al., 2009; Ares & Gámbaro, 2007). 
 
3.6 Conclusions 
The model tested in this study highlights the importance of having an interest in healthy 




health claims in explaining its use. Meanwhile, the role of knowledge and perceived ability to 
process health claims was much more limited. Motivation rather than the ability to process 
health claims determines European consumers’ use of health claims. These findings are very 
similar for countries with a different history of use and regulation of health claims prior to 
2006. Health claim user segments could be described by socio-demographic characteristics 
only to a small extent, the stronger links were to consumption frequency of nuts and dried 
fruit and to familiarity of specific health claims. Food and nutrition policy and marketing 
efforts in Europe aiming at fostering consumers’ use of health claims should focus on ways 
to improve consumers’ motivation to process health claims by increasing their interest in 
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This chapter is based on: 
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claims and symbols in the European Union: Expert consensus built by using a Delphi method. 







Although the role of health claims and symbols in consumer behaviour has received 
growing attention in research, comprehensive conclusions could not yet be drawn to 
develop concrete policy actions, owing to the complexity of the subject and a 
constantly changing market environment. In this study, evidence-based policy 
recommendations and communication guidelines have been derived from the findings 
of the EU FP7 project CLYMBOL (‘Role of health-related CLaims and sYMBOLs in 
consumer behaviour’, Grant Agreement 311963), and have been evaluated and 
prioritised by European stakeholders using a three-round Delphi method. A moderate 
level of consensus was achieved and results suggest that policy priority should focus on 
ways to improve motivation and interest in healthy eating. Consumers’ interest in 
healthy eating could be increased by adopting appropriate communication strategies 
such as using innovative ways to communicate the importance of healthy eating, 
which may aim to change the possible negative association between healthiness and 
tastiness. The highest-rated finding was related to consumers’ favourable attitude 
towards health claims with shorter and less complex messages and health symbols 
with a visible endorsement. Meanwhile, there was a clear consensus that health claims 
need to be scientifically justified and credible but phrased without using overly 
complex scientific wordings, in order to be meaningful for consumers. Furthermore, 
stakeholders from academia and industry believe that consumer awareness about the 
existing health claims should be increased. These policy recommendations and 
communication guidelines stem from recent empirical evidence and provide useful 
insights that guide future policy development aligning consumer protection issues as 
well as public health and food marketing communication interests.  
 
  





Effective public policies are essential to improve food environments for consumers. 
European Union (EU) legislation (EC 1924/2006) has harmonized the use of health 
claims and symbols with more clearly established rules and built-in safeguard against 
misleading consumers (European Commission, 2006). With public health goals in mind, 
health claims and symbols are expected to support consumers in making more 
informed and healthier food choices, as well as foster industry competitiveness. After a 
decade of being in effect, it opens up the discussion whether this legislation has 
achieved its intended effects.  
Although the role of health claims and symbols in consumer behaviour has received 
increasing attention in research (Fernqvist & Ekelund 2014; Kaur & Singh, 2017), 
comprehensive conclusions for meaningful policy recommendations could not yet be 
drawn, due to the complexity of the subject and a constantly changing market 
environment (Aschemann-Witzel, 2011; Hieke et al., 2015). The EU-funded FP7 project 
CLYMBOL has envisaged to provide wide-ranging assessments of the role of health 
claims and symbols on food and drink products in consumers’ food choices, and to 
derive evidence-based implications for future policy development and communication. 
The assessments covered four main work areas. First, the current status of health 
claims and symbols has been reviewed, providing an overview of the history of health 
claim and symbol use and its prevalence on foods across the EU Member States (Hieke 
et al., 2016b; Hieke et al., 2016c; Kaur et al., 2016b; Kaur & Singh, 2017). Second, 
consumers’ needs and wants in relation to foods with health claims and symbols have 
been studied, explaining how consumers perceive and use health claims and symbols 
based on their perceptions, processing motivation and ability (Hodgkins et al., 2015; 
Klepacz et al., 2016; Gröppel-Klein et al., 2017; Hung et al., 2017 [Chapter 3]; Kaur et 
al., 2016a). Third, a methodological toolbox has been developed, offering a set of 
tested methods and strategies for answering future research questions (Brown et al., 
2016; Gröppel-Klein et al., 2017; Grunert, 2015; Stancu et al., 2017). Fourth, effects of 





have been investigated (Edenbrandt & Smed, 2017; Edenbrandt et al., 2017; Smed et 
al., 2017; Simon et al., 2017). These assessments employed a wide range of empirical 
and methodological studies, ranging from interviews, online surveys, laboratory 
experiments, and in-store tests to econometric modelling of household panel data and 
product sampling, in order to yield comprehensive evidence while taking into account 
the underlying complexities such as cultural differences and individual consumer 
characteristics.  
The present study summarizes the key findings from earlier studies within the four 
CLYMBOL work areas, which formed the basis for formulating evidence-based policy 
recommendations and communication guidelines. Since these recommendations and 
guidelines were formed for EU policy directed towards the regulation and provision of 
health claims and symbols, active involvement of stakeholders from various sectors 
was required to warrant meaningful insights. Specific questions were to what extent 
recommendations and communication guidelines are relevant to the stakeholder’s 
organisation and how feasible do they rate their implementation in practice. This has 
been studied using the Delphi method. Formal expert elicitation through the Delphi 
method is a structured communication process that allows a heterogeneous group of 
experts to share views, build consensus and deal with a complex problem (Linstone & 
Turoff, 2002). One of the advantages of the Delphi method is that the aggregated 
response from a group of experts is expected to be less prone to ‘mistakes’ 
(Aichholzer, 2002). This method has been applied for policy planning since the 1970s 
(Turoff, 1970), and it remains popular in public food and health policy development 
(e.g. Aschemann-Witzel et al., 2012; Nelson et al., 2013).  
This study is, to our best knowledge, the first attempt to formulate an exhaustive list of 
policy recommendations and communication guidelines for future development of 
health claims and symbols based on key findings from more than 20 empirical studies 
undertaken across EU member states, which then formed the basis for three rounds of 
stakeholder evaluations according to various quality criteria. When there is no optimal 
approach in regulating health claims being in place yet (de Boer & Bast, 2015), the 
resulting priority list provides decision makers and researchers with the appropriate 




strategies that can guide future policy development aligning consumer protection 
issues, as well as public health and food marketing communication interests. 
4.2 Materials and methods 
4.2.1 Procedure 
Ethics approval for the research protocol involving cross-country (multi-sited) studies 
with stakeholders was granted by the Belgian Ethics Committee of Ghent University 
Hospital on 10/05/2016 (Reference No. B670201628360).  
This Delphi study consisted of three rounds, where stakeholders participated in person 
and/or online. After each round, an anonymous summary of the stakeholders' views 
and comments was presented to the participants, so they could compare these with 
their own (Bisson et al., 2010). During this iterative process, the diversity of responses 
decreased and the group converged towards a consensus of views and opinions 
(Skulmoski et al., 2007). This section reports the full procedure of the Delphi method 
from preparation to the final Delphi round. 
4.2.1.1 Preparation 
An ‘Implications, Recommendations and Communication guidelines’ (further referred 
to as IRCs) template was drafted and completed alongside each CLYMBOL study by the 
directly involved researchers and checked by all project partners. The initial inputs 
were shared before and presented during a stakeholder workshop organized on 23 
September 2015 in Copenhagen, Denmark. The participants were members of the 
CLYMBOL stakeholder advisory broad, which consists of representatives from national 
food authorities, consumer and patient organisations and (food) industry associations. 
They were closely involved in this study from the testing of initial ideas to the 
participation in the actual Delphi study. In this stakeholder workshop, participants 
were divided into three groups according to their fields of activity and each group had 
an even distribution of different types of stakeholder. They were invited to discuss and 
state opinions about the preliminary list of IRC. Based on their comments, the IRCs 





4.2.1.2 Delphi round 1 
A list of CLYMBOL findings, policy recommendations and communication guidelines 
was compiled from the IRCs and structured based on the four work areas. This 
exhaustive list was first distributed to the stakeholders by e-mail, then the 
stakeholders were invited to evaluate all items through an online survey, keeping in 
mind the stated overall objectives of these IRCs in this survey were namely: ‘To support 
consumers in making informed and healthy food choices and foster industry 
competitiveness, taking into account individual and country differences within the EU, 
as well as to avoid misunderstanding and undesirable behavioural effects’.  
The CLYMBOL findings were evaluated with a score from 1 – 10 on five criteria: 
relevance (1 = absolutely irrelevant; 10 = absolutely relevant); importance (1 = 
absolutely unimportant; 10 = absolutely important); novelty (1 = absolutely old 
finding(s); 10 = absolutely novel finding(s)); clarity (1 = absolutely unclear; 10 = 
absolutely clear); and consistency with your own belief (1 = absolutely contradictory to 
belief; 10 = absolutely consistent with belief). These CLYMBOL findings were included 
as part of the evaluation in order to inform stakeholders about the empirical evidence 
that had informed the respective recommendations and guidelines. Nevertheless, as it 
was not the focus of this study to evaluate findings from earlier studies, the evaluation 
outcomes of the CLYMBOL findings were not further evaluated in the next Delphi 
method rounds. Policy recommendations and communication guidelines were also 
evaluated with a score from 1 – 10 on five criteria: feasibility (1 = absolutely 
unfeasible; 10 = absolutely feasible); effectiveness (defined as capability of producing 
desired results) (1 = absolutely ineffective; 10 = absolutely effective); efficiency 
(defined as the ratio between desired results and inputs of resources) (1 = absolutely 
inefficient; 10 = absolutely efficient); coherence with current policy in your 
organisation (1 = absolutely contradictory to current policies; 10 = absolutely coherent 
with current policies); and unlikelihood of negative impacts (1 = absolutely likely to 
have negative impacts; 10 = absolutely unlikely to have negative impacts). Based on 
the scores given, a ranking could be allocated to each (group of) item, computed by 
averaging scores from the five criteria of evaluation.  




In total, there were 39 items of findings, 34 items of policy recommendations and 22 
items of communication guidelines derived from the earlier CLYMBOL studies, most of 
which have been published in (or are under consideration for publication in) scientific 
literature (www.clymbol.eu/outcomes/publications). In order to shorten this list and 
enhance the readability and consistency of interpretation, some items were grouped 
based on the corresponding findings (see Table 4.2); the policy recommendations or 
communication guidelines that were supported by multiple findings were only 
displayed once, so the stakeholders did not need to evaluate the same item multiple 
times. As a result, there were finally 22 (groups of) items of findings, 22 (groups of) 
items of policy recommendations and 17 (groups of) items of communication 
guidelines in the Delphi method round 1 evaluation, which was completed by 10 
stakeholders.  
4.2.1.3 Delphi round 2 
The CLYMBOL stakeholder conference ‘Consumers and health claims’ was organized on 
15 June 2016 in Brussels, Belgium. The main project findings were presented and 
discussed during the event and the results from the Delphi method round 1 were 
disseminated among the audience. The items of policy recommendations and 
communication guidelines with the highest mean scores based on the five criteria 
were presented item by item in descending order of scoring. Communication guideline 
items xiv and xv were evaluated together as one item in the Delphi rounds, thus they 
were combined into one item namely item xiv. Seven-point interval scales were used 
for assessment, as earlier studies suggested that this type of scale performed 
significantly better in Delphi studies than other scales (Diefenbach, Weinstein, & 
O‘Reilly, 1993; Lewis, 1993). All conference attendees were invited to evaluate the 
items using a real-time voting system (Turning Technologies, LLC Youngstown, Ohio, 
USA) with a score from 1 – 7 based on two criteria: relevance to your organisation (1 = 
absolutely irrelevant to your organisation; 7 = absolutely relevant to your 
organisation); and feasibility in practice (1 = absolutely unfeasible in practice; 7 = 
absolutely feasible in practice). These two criteria are hereafter referred to as 





4.2.1.4 Delphi round 3 
Results of the live voting from the Delphi method round 2 were presented to all 
stakeholders who participated in the previous round (the June 2016 stakeholder 
conference and real-time voting) through an online survey by means of a short report 
during July 2016. Stakeholders were invited through e-mail (with the link to survey) to 
read the report and provide comments or feedback regarding the results. The results 
included the scores and rankings of the policy recommendations and communication 
guidelines, which were presented using bubble charts with 2-dimensions: relevance to 
your organisation and feasibility in practice. The differences in scores among the 
stakeholder groups were indicated on top of the charts if such difference was 
significant. The items and the corresponding graphs were displayed in a descending 
order of the ranking, computed by average scores based on relevance and feasibility. 
Under the result of each item, there was an open question: ‘Your comment or feedback 
in relation to this policy recommendation (e.g. to what extend do you agree with it, 
how to implement, any possible drawbacks, any other comment related to this item or 
this outcome of the voting?)’, where stakeholders could comment and voice their 
opinions. The online evaluation was completed by 13 stakeholders. 
4.2.2 Expert panel  
Besides the CLYMBOL stakeholder advisory broad, European stakeholders from various 
functional groups, with a direct or indirect involvement in the development, use and 
regulation of health claims and/or health symbols at the EU level, were invited to 
participate in the study (Table 4.1). Recruitment was carried out by the European Food 
Information Council (EUFIC).  
  




Table 4.1 Functional groups of the participating stakeholders 
Stakeholder groups Frequency 
Stakeholder workshop for preparation (n = 12)  
National Authorities 4 
Consumer / Patient Organisations  3 
Industry Representation 5 
Online survey for Delphi method round 1 (n = 10) 
Government 2 
Food Industry (Producer / Retailer) 4 
Association of Food Industry 2 
Consumer Organisation 1 
Health Professional 1 
Stakeholder conference for Delphi method round 2 (n = 100) 
Government 8 
Non-Governmental Organisation (NGO)  11 
Legal Advisor  7 
Food Industry (Producer / Retailer)  28 
Association of Food Industry 10 
Consumer Organisation 3 
Academia / Research Institute 25 
Health Professional 5 
Others / No response 3 
Online report for Delphi method round 3 (n = 13) 
Government 2 
Non-Governmental Organisation (NGO) 1 
Food Industry (Producer / Retailer) 3 
Association of Food Industry 4 
Academia / Research Institute 2 





4.2.3 Data Analysis 
Data analysis was performed using SPSS Statistics 22.0 (IBM SPSS, Armonk, NY, USA). 
Both means and medians provide meaningful insights and could be employed for 
different purposes. Means and standard deviations (SD) were reported as descriptive 
statistics, since no bimodal distribution has been observed and the medians are often 
uniform across items. However medians were used in further analyses instead of 
means, as medians could be more robust. Friedman non-parametric tests with the 
Dunn-Bonferroni post hoc method were used to determine if the ranking of scores 
varied among items.  
The distribution of ratings obtained from the Delphi method round 2 was examined 
and illustrated with bubble charts, and Spearman correlation between relevance and 
feasibility was calculated for each item. The items were ranked by average score for 
relevance and feasibility. Scores among the stakeholder groups were compared with 
Kruskal-Wallis one-way analysis of variance.  
Various consensus criteria exist for the Delphi method. Overall, a high level of 
consensus can be indicated by highly correlated responses, as several studies have 
used Cronbach's α value > 0.90 as a consensus criterion (e.g. Baguley et al., 2014; 
Madani et al., 2016; Szasz et al., 2016). In terms of consensus per item, the 
interquartile range (IQR) measures dispersion of data between the 25th percentile and 
the 74th percentile. An IQR≤1 shows that more than 50% of scores fall within 1 point on 
the scale, which is considered a high level of consensus on a 7-point Likert scale 
(Linstone & Turoff, 2002). This consensus criterion is also commonly used in Delphi 
studies with an indicator of IQR≤3 on a 9-point scale (Diamond et al., 2014). The 
consensus criteria were not set as priori in this study, and a moderate level of 
consensus was considered acceptable, since the evaluation criteria were expected to 
reflect divergence among stakeholders from different disciplines and the outcomes are 
not critical to immediate health or life as in some previous Delphi studies where a 
strong consensus was more crucial (Sereda et al., 2015; van der Maaden et al., 2015). 
In this study, items that were selected from the Delphi method round 1 to enter round 




2 had IQR≤4 on the 10-point scales. The items with IQR≤2 on the 7-point scales in the 
Delphi method round 2 were considered having a reasonable level of consensus. 
 
4.3 Results 
4.3.1 Compilation of evidence to formulate strategies 
Considering the results and evidence drawn from all earlier CLYMBOL studies, an 
exhaustive list of research findings, policy recommendations and communication 
guidelines was established. Table 4.2 presents this exhaustive list sectioned by the four 





Table 4.2. The exhaustive list of CLYMBOL findings, policy recommendations and communication guidelines based on the four work areas 
Work areas Findings Policy recommendations Communication guidelines 





1. Member states had different histories of use and 
regulation of health claims and health symbols 
prior to 2006, but views related to health claims 
and health symbols varied across different 
stakeholders even from the same country (Hieke 
et al., 2016b) 
a. Identify and profile consumer segments to support 
well-targeted policy actions that also take into 
account vulnerable groups 
b. Appoint a responsible national authority for assessing 
the impact of health claims and health symbols 
c. Encourage collaboration between stakeholders, 
empower them to measure and monitor the effects of 
health claims and health symbols 
i. Take into account the needs of different 
consumer segments and the country-wide 
differences 
2. The most common health claims were nutrient and 
other function claims (Article 13.1.a and 13.1.b 
health claims); the most common health claim-
bearing food category was food for specific dietary 
use (infant and baby foods) (Hieke et al., 2016c) 
d. Inform consumers about health claims and health 
symbols with the aim of improving overall 
understanding of a healthy lifestyle 
e. Call for consumer research on awareness of, 
understanding of and attitudes towards health claims 
and symbols and context factors, possible effects on 
food choice, purchase and consumption, also take 
contradictory results and confounding factors into 
consideration  
f. Measure the effects on public health (health 
outcomes or changes in the national health status as a 
result of the use of health claims and health symbols) 
g. Analyse the economic impacts in the long term 
(prevalence, effect on sales, cost-benefit aspects)  
ii. Provide additional information on product 
categories bearing health claims and health 
symbols and the meaning of health claims 
and health symbols in the context of a 
balanced diet 
 




3. The majority of nutrition and health claims were 
on the front-of-pack (FOP) (Hieke et al., 2016c) 
4. Images of the food itself or its fresh ingredients 
were often present and appeared as ‘soft claims’ 
e.g. freshness and naturalness. The popularity of 
‘soft claims’ use may raise concerns about creating 
misleading health perceptions (Hieke et al., 2016c) 
h. Monitor frequently and coherently health claims and 
health symbols as well as context factors on the 
market, analyse the effects of health claims and health 
symbols in the package context (i.e. colour and images) 
in order to identify gaps in the regulation and use of 
health claims and health symbols 
i. Take into account the balance between regulating soft 
claims and the possible hampering of innovation 
initiatives  
iii. Be aware that package design elements 
such as colour, image, logos can be 
potentially more powerful in 
communication than scientifically-backed 
health claims and health symbols 
iv. Inform consumers about the scope of the 
EC Regulation 1924/2006 i.e. what is 
regulated and what is not 
5. Foods that carry nutrition claims and/or health 
claims and/or health symbols have, on average, a 
marginally better nutritional composition than 
foods that do not carry such claims or symbols 




j. Consider the use of nutrient profile models to regulate 
nutrition, health claims and symbols, but take into 
account the possible restrictiveness and extra 
information load that consumers have to receive. The 
key is to ensure that the health claims and health 
symbols fulfil quality standards e.g. certified healthy 
choice  
k. Call for research (e.g. modelling studies) which 
combine information about compositional differences 
with information about the effects of health claims 
and health symbols on purchasing and consumption 
to know whether small differences in nutrient 
composition of foods with and without health claims 
and health symbols have any impact (positive or 
negative) on health  
See ii.  
6. There were low levels of agreement between the 
nutritional criteria underlying studied health 
symbols; little variation between countries but large 
variation within food categories. This questions the 
ability of these systems to identify ‘healthier’ foods 
(Kaur & Singh, 2017) 
l. Harmonise nutrient profiles for health symbols but 
take into account the differences of public health 
goals in different countries 
m. Call for more research efforts to examine the validity 
of the nutritional criteria of different health symbols 
v. Increase or improve communication 
between the organizations responsible for 
health symbols  
vi. Make the nutritional criteria of health 
symbols clearer and more transparent to 
consumers, so that they know what health 









7. Consumer acceptance of health claims was 
primarily and positively impacted by their 
familiarity with the nutrient or substance 
mentioned (Hodgkins et al., 2015) 
8. A familiar claim increased belief in the products’ 
healthiness and a higher purchase intention (Work 
area 2) (Hodgkins et al., 2015), but an extremely 
familiar claim decreased attention. However, 
consumers’ gaze behaviours (from eye-tracking 
experiments) were inconsistent with their verbal 
responses (from questionnaires) (Work area 4) 
(Gröppel-Klein et al., 2017) 
n. Increase consumer awareness about existing health 
claims and health symbols  
o. Appoint a national authority or identify the institutes 
responsible for informing or educating consumers  
p. Provide accurate information about new or less 
familiar nutrients of food components for consumers 
q. Include data on consumer understanding as a generic 
description in obtaining approval from EFSA 
vii. Make EFSA’s approval process more 
transparent, and open up communication 
with consumers and stakeholders, including 
applicants 
viii. Use consumer-friendly information (images 
or texts) to increase familiarity with lesser-
known carriers and health effects 
ix. Include some new or unfamiliar 
information that may increase attention 
 
9. Health symbols with visible endorsement (e.g. an 
image of a happy tooth within the tooth-friendly 
symbol) were favoured (Hodgkins et al., 2015; 
Miklavec et al., 2016)  
10. Consumers favoured shorter and less complex 
health claims (Hodgkins et al., 2015; Miklavec et 
al., 2016)  
r. Encourage the use of health symbols with visible 
endorsement 
See n. and q. 
x. Keep communication simple and clear, 
avoid overly complex supporting 
information that uses scientific and/or 
regulatory jargon, at the same time limit 
propositions that are not fully scientifically 
sound in product positioning and 
communication strategies 
See vii. and viii. 
11. Consumers did not only draw the intended 
inferences from health claims but also inferences 
beyond the stated information, based upon 
personal belief (Hodgkins et al., 2015)  
12. Distinction between different types of claims was 
not always obvious in consumers’ mind, claim 
effects were based on the totality of information 
on pack, framed by consumers’ previous 
experience and knowledge and hence is 
idiosyncratic (Klepacz et al., 2016) 
See h. and n. 
s. Call for research on the interaction between 
information on pack and the individual consumer’s 
background as to study how consumers interpret the 
information 
See i. 
xi. Consider that consumers do not interpret 
health claims and health symbols as experts 
do, communication should be clearly 
explaining what health claims and health 
symbols mean and how they are meant to 
be used 




13. Health claims are not strongly related to the health 
needs of the population which implies that they 
can be misleading even though they are 
scientifically accurate (Kaur et al., 2016) 
 
t. Take greater account of public health relevance of 
health claims, especially food manufacturers and 
health claim regulators. Health claims should reflect 
the disease burden in a country; health claims related 
to conditions which are of low occurrence should be 
avoided, health claims for diseases with a high burden 
should be encouraged  
xii. Inform consumers that the prevalence of 
claims is not necessarily reflective of health 
priorities; encourage larger communication 
campaigns, e.g. to explain how health 
claims (or health symbols) can be relevant 
for a healthy diet, and what is important 
when looking after personal health versus 
when dealing with health issue 
14. Motivation to process health claims rather than 
the ability to process health claims determines the 
use of health claims (Hung et al., 2017) 
u. Focus on ways to improve motivation such as creating 
information needs and increasing the interest in 
healthy eating  
xiii. Use innovative ways to communicate the 
importance of healthy eating, aiming to 
change the perception of negative 
association between healthiness and 
tastiness  
See xix. 
15. More objective knowledge does not support the 
use of health claims, which may imply that people 
who are more knowledgeable, are less motivated 
to process health claims because they feel less 
need for (more) information and/or find health 
claims either irrelevant or even misleading (Hung 
et al., 2017) 
v. Do not focus only on education or other means to 
increase objective knowledge about health claims, but 
also assess consumers’ need for information in this 
context 
See i. and x. 
16. Consumers’ ability to process health claims is 
positively impacted by their level of subjective 
nutrition and health knowledge (Hung et al., 2017) 
17. Countries without health claims regulations prior 
to 2006 were characterized by a lower level of 
subjective and objective nutrition and health 
knowledge (Hung et al., 2017) 
w. Increase consumers’ subjective knowledge (perceived 
confidence) in using health claims especially in 
countries without health claim regulations prior to 
2006 
xiv. Inform consumers about the EC Regulation 
1924/2006, whereby health claims are 
authorized only when they are 
substantiated by scientific evidence and 
proven to be understood and meaningful to 
average consumers  
xv. Use information from sources that are 
independent and relevant; avoid using low 





18. Taxonomy of health claim, health symbol and their 
context cannot be a basis for prediction of effects 
of health claims and health symbols on consumers 
Brown et al., 2015) 
 
x. Use the taxonomy as a checklist for investigating both 
desired and undesired effects. 
y. Analyse the effect of health claims and health symbols 
in the context in which they are likely to appear and 
for the target group at which the health claim or 
health symbol is directed 
xvi. Use the taxonomy as an inventory of the 
possibilities for communicating 
healthfulness to consumers 
Work area 3: 
Methodologic
al toolbox 
19. For measuring understanding, the CUT method 
allows to classify consumers related to making safe, 
risky or vague inferences, to test claims and symbols 
in context; this method can be used with large 
samples and is relatively cost-efficient. Laddering 
allows to trace inferences and follow consumers’ line 
of thought and thus give insights into how and why 
different versions of a claim lead to different 
inferences (Grunert, 2015; Stancu et al., 2017) 
20. For measuring effects on purchasing, actual purchase 
data are not always available, and controlling for 
other factors affecting purchase (in addition to the 
claim) is another barrier. Choice experiments and 
surveys measuring buying intention can give 
approximations to actual choice. Eye-tracking is a 
very useful complementary technique, as it measures 
attention to claims (Gröppel-Klein et al., 2017) 
21. For measuring effects on consumption, experiments 
(especially when they rely on single exposure to 
claims) are suitable only when there is a hypothesis 
on a specific, strong counter-effect. Otherwise, 
epidemiological studies are more appropriate, but it 
can be applied only once the claims has been on the 
market for some time (Brown et al., 2016) 
z. Promote the use of a toolbox of tested methods for 
various purposes and applications by different 
stakeholder groups, notably for the use by regulators 
and industries: 
 To check or document whether a certain health 
claim/health symbol is understood by the ‘average’ 
consumer (CUT method) 
 To study how to improve understandability of a 
health claim/health symbol (laddering method) 
 To investigate whether health claims/health 
symbols lead to healthier choices (choice 
experiments) 
 To investigate interactions between health 
claims/health symbols and context factors (eye-
tracking) 
 To study possible negative counter effects in 
consumption (epidemiological studies or 
experiments) 
 To study how health claims can be formulated and 
put into an appropriate context such that they 
trigger choice (survey together with eye-tracking 
and laddering) 
 To study which health claims support the company’s 
CSR policy and/or strengthen brands and corporate 
image (survey together with laddering) 
xvii. Communicate this toolbox of tested 
methods to different stakeholder groups 
e.g. through scientific journal papers and 
types of press releases that reach a wide 
audience  
 




Work area 4: 
The effects on 
consumers 
22. Both implicit packaging cues (colour, pictures) and 
explicit packaging cues (health claims, health 
symbols) played an important role in consumer 
perceptions of healthiness and indulgence of foods 
(Simon et al., 2017) 
23. Clarity and attractiveness of health communication 
was higher for claim-specific images in some 
product categories (Purnhagen et al., 2016) 
24. The same package colour within the product line 
(across different flavours) was less appreciated by 
consumers, although it increased product choices 
based on the health claims (while products with 
the same heath claims were presented in the same 
package colour) (Purnhagen et al., 2016) 
25. Foods in light coloured packages are perceived as 
less calorie-rich, heavy and fattening and more 
natural, regardless of the presence of satiety claims 
or satiety symbols (Purnhagen et al., 2016) 
aa. Support the use of claim-specific images with sufficient 
monitoring on the possible misleading effects (e.g. 
include guidelines in a revised regulation to monitor 
the use of images on the market) 
See e. and h. 
xviii. Convey health message as scientifically-
backed health claims and health symbols 
by using claim-specific images or other 
context factors such as colour to increase 
clarity and attractiveness 
See iii.  
 
26. The relevance of a claim, either personally or for a stated 
population group, played a role in food choices (Gröppel-
Klein et al., 2017) 
27. Consumers with a relevant health goal more often 
recognized and chose products with health claim (Gröppel-
Klein et al., 2017) 
28. When consumers had a relevant health goal, overall health 
images and claim-specific images increased the likelihood 
of choosing the product (Gröppel-Klein et al., 2017) 
29. When consumers were primed with a health goal, they 
paid more attention to health claims and had more 
positive attitudes towards scientific wordings in survey 
data but not in eye-tracking data (Gröppel-Klein et al., 
2017) 
See d. and s. 
bb. Create a ‘health-promoting environment’ at the 
point-of-sale (such as using slogans: ‘Start the day 
with a healthy breakfast’ or showing pictures of 
healthy food or people) to prime consumers with 
a health goal  
See ii. 
xix. Communicate health goals at the point-





30. The presence of health symbol at a food buffet had no 
evidence of licensing effect on unhealthy food choice nor 
made any changes in food intake, which could be due to 
lack of credibility of the health symbol, attention and ability 
to process the health symbol (Palascha et al., 2016) 
31. The presence of a satiety claim on a breakfast food product 
did not influence food intake at the next meal (Bilman et 
al., 2017) 
cc. Call for longitudinal research studies to investigate 
the possible licensing or other effects of health 
claims and health symbols covering long term in 
consumers’ diets 
See f. 
See i. and ii. 
32. There was no typical purchaser of food products with 
health symbols except for households with children, in 
which they generally have a lower probability of 
purchasing products with health symbols across products 
and countries (Smed et al., 2017) 
33. Urban residents had a higher probability of purchasing 
certain product categories (i.e. yoghurt, margarine, cereal 
and milk) with health symbols (Smed et al., 2017) 
dd. Call for consumer research to identify the 
underlying reasons for the negative effect of 
children on the probability of choosing products 
with health symbols  
See i. and xiii. 
34. Consumer preferences for other product 
characteristics (i.e. organic, which had a negative 
correlation with Choices logo) or stores (i.e. 
discount stores, which had a much lower share of 
products with health symbols) might be a barrier 
for the use of Choices logo in The Netherlands 
(Smed et al., 2017) 
ee. Expand the availability of health symbols on various 
categories (e.g. organic foods) and in different types of 
stores (e.g. discount stores, small shops outside urban 
areas, etc.) 
See xix. 
35. Consumers valued the healthiness of food that they 
consumed and placed additional value on health 
symbols based on Dutch and Danish scanner data 
(Edenbrandt et al., 2017)  
 
ff. Increase the prices for products with health symbols (in 
The Netherlands and Denmark) in order to cover the 
extra costs of using health symbols or producing 




xx. Inform food producers that the consumers 
from The Netherlands and Denmark are 
willing to pay the potentially additional 
costs from improving the healthiness of 
food products and fulfilling the criteria to 
bear health symbols 




36. Consumers’ value on health symbols may only be 
evident during a certain period after the 
introduction of health symbols due to market 
adaptation on stocks and prices (Edenbrandt et al., 
2017) 
gg. Analyse household scanner data that cover a longer 
period of time and be aware that the data from an 
early stage of health symbol introduction could be 
misleading 
xxi. Inform consumers promptly about the 
introduction or use of health symbols to 
induce a faster reaction  
37. Stated preference for health symbol (Keyhole logo) 
was evidently translated into actual purchase 
(Edenbrandt & Smed, 2017) 
38. Consumers who purchased foods with higher 
overall healthiness were also more likely to 
purchase foods with Keyhole logo (Edenbrandt & 
Smed, 2017) 
39. BMI did not explain the share of products with 
Keyhole logo purchased (i.e. obese and overweight 
shoppers are as consistent in their stated and 
revealed preferences for Keyhole as shoppers with 
normal BMI) (Edenbrandt & Smed, 2017) 
See a., d., n. and y. 
hh. Do not use BMI alone as the segment criteria for 
targeting to increase the share of purchasing products 
with health symbols 
See i., ii. and vi. 
xxii. Communicate the possible benefits of using 
health symbols correctly with the aim to 






4.3.2 Evaluation and priority setting 
4.3.2.1 Delphi round 1 
Figure 4.1 illustrates the scores for each (group of) finding(s). Overall, the findings 
(item 9) ‘Health symbols with visible endorsement (e.g. an image of a happy tooth 
within the tooth-friendly symbol) were favoured’; and (item 10) ‘Consumers favoured 
shorter and less complex health claims’ ranked the highest overall based on the 
stakeholders’ evaluation. The finding (item 14) ‘Motivation to process health claims 
rather than the ability to process health claims determines the use of health claims’ 
ranked the lowest. Findings from work area 4 (i.e. the effects on consumers) appeared 
to have higher ratings on novelty in general. Although the groups could not be 
accurately compared due to the small sample size in this Delphi method round, in most 
cases, the average scores were similar among stakeholder groups. Cronbach's α based 
on all items was 0.92, which indicates a high level of consensus.  
 
Figure 4.1 Stakeholder evaluation of findings based on the five quality criteria (n = 10).  
The Y-axis indicates the numbering of findings from Table 4.2. The X-axis denotes the score that each 
(group of) item(s) received. The total scores range from 5 to 50, but the axis is set to start at 0.0 in order 
to show the correct proportions of rating for the quality evaluation criteria. The numbers inside the five 
sections of each bar correspond with the average scores on the criteria. The total scores do not vary 
significantly among items based on Friedman non-parametric test (p-value = 0.056).  





Figure 4.2 illustrates the scores of each (group of) policy recommendation(s). Overall, 
the policy recommendation item u ‘Focus on ways to improve motivation such as 
creating information needs and increasing the interest in healthy eating’ received the 
highest ranking from all stakeholders. It should be noted that the corresponding 
finding received the lowest rating (item 14, Figure 4.1). Stakeholders clearly 
disapproved the idea of increasing the prices for products with health symbols (item 
ff). In most cases, the average scores were similar among stakeholder groups. 
Cronbach's α based on all items was 0.95, which indicates a high level of consensus. 
 
Figure 4.2 Stakeholder evaluation of policy recommendations based on the five quality criteria 
(n = 10).  
The Y-axis indicates the numbering of policy recommendations in Table 4.2. The X-axis denotes the 
score that each (group of) item(s) received. The total scores range from 5 to 50, but the axis is set to 
start at 0.0 in order to show the correct proportions of rating for the quality evaluation criteria. The 
numbers inside the five sections of each bar correspond with the average scores on the criteria. The 







Figure 4.3 illustrates the scores of each (group of) communication guideline(s). Overall, 
the communication guideline item x ‘Keep communication simple and clear, avoid 
overly complex supporting information that uses scientific and/or regulatory jargon, at 
the same time limit propositions that are not fully scientifically sound in product 
positioning and communication strategies’ had the highest ranking. This rating is in line 
with expectation, as the corresponding findings received the highest ratings as well 
(items 9 and 10). The item xx ‘Inform food producers that the consumers from The 
Netherlands and Denmark are willing to pay the potentially additional costs from 
improving the healthiness of food products and fulfilling the criteria to bear health 
symbols’ received the lowest ranking, which is in line with the lowest rating of the 
corresponding policy recommendation (item ff). In most cases, the average scores 
were similar among the stakeholder groups. Cronbach's α based on all items was 0.96, 
which indicates a high level of consensus. 
 
Figure 4.3 Stakeholder evaluation of communication guidelines based on the five quality 
criteria (n = 10).  
The Y-axis indicates the communication guidelines of findings in Table 4.2. The X-axis denotes the score 
that each (group of) item(s) received. The total scores range from 5 to 50, but the axis is set to start at 
0.0 in order to show the correct proportions of rating for the quality evaluation criteria. The numbers 
inside the five sections of each bar correspond with the average scores on the criteria. The total scores 
do not differ significantly among items based on Friedman non-parametric test (p-value = 0.080). 
 




The items of policy recommendations and communication guidelines with the highest 
mean scores were selected to enter the Delphi round 2. All (groups of) items had 
IQR≤4 except for one communication guideline item (item x with IQR = 4.25), but this 
item was included because it received the highest rating. 
4.3.2.2 Delphi round 2 
The results of Delphi round 2 were presented using 2-dimensional graphs. An example 
is shown in Figure 4.4. The graphs for the other items are presented in Appendix 4.A. 
Using policy recommendation item u as an example (Figure 4.4), the graph shows the 
ranking (#) among other policy recommendations, wherein item u has been ranked 
first. The mean score and standard deviation are shown for both dimensions, i.e. the 
horizontal axis represents the scores for relevance to [the participant’s own] 
organisation (5.59 ± 1.49) from 1 to 7 (the higher the score, the more relevant) and the 
vertical axis represents the scores for feasibility in practice (4.76 ± 1.34) from 1 to 7 
(the higher the score, the more feasible). The coordinates of the origin are (4, 4) which 
is the mid-point of the scale for both relevance and feasibility. The size of the bubble 
indicates the number of participants who scored an item in a particular way, i.e. the 
more stakeholders gave the same scores, the larger the bubbles are (relative to other 
bubbles in the same graph). For example, the largest group of stakeholders gave item 
u scores of 6 or 7 for relevance and 5 for feasibility. The correlation coefficient (rs) 
specifies the relationship between the scores on relevance and feasibility, wherein the 
asterisks (* or **) denote the level of statistical significance (i.e. p-value < 0.05 or p-
value < 0.01 respectively). For item u, for example, the relevance is significantly and 
positively correlated to feasibility. These two criteria are significantly and positively 






Figure 4.4 Evaluation of policy recommendation item u (‘Focus on ways to improve motivation 
such as creating information needs and increasing the interest in healthy eating’) based on two 
criteria: relevance and feasibility (n = 91)  
 
The stakeholders who participated in the Delphi method round 2 (n = 100) were 
categorised into three groups for reliable and meaningful statistical comparison: 
industry (n = 38, i.e. food producer, retailer and food industry associations); academia 
(n = 25, i.e. academia and research institutes); and others (n = 37, i.e. government, 
NGO, legal adviser, consumer organisation, health professional and others). The three 
groups mainly represent different interests or point of view i.e. Industry is expected to 
have a more commercial interest, academia may tend to have more science-based 
nuanced opinions, and the others may hold a more consumer-protection interest. For 
most of the items, scores for relevance and feasibility were similar among the 
stakeholder groups. Table 4.3 summarizes the ranking and statistical tests of all items. 
Policy recommendation item u ‘Focus on ways to improve motivation such as creating 
information needs and increasing the interest in healthy eating’ and communication 
guideline item x ‘Keep communication simple and clear, avoid overly complex 
supporting information that uses scientific and/or regulatory jargon, at the same time 
limit propositions that are not fully scientifically sound in product positioning and 




communication strategies’ were consistently at the top of the ranking. There were 
some changes in rankings from the Delphi round 1 to round 2. However, the changes 
could not be meaningfully interpreted, because some items were evaluated in groups 
in the Delphi round 1 (in order to shorten the list), but the grouped items were then 
evaluated as individual items in the Delphi round 2. As a result, some items shared the 
same ranking as a group in the Delphi round 1, but the individual items had different 
rankings in the Delphi round 2. Regarding communication guidelines, item xiii ‘Use 
innovative ways to communicate the importance of healthy eating, aiming to change 
the perception of negative association between healthiness and tastiness’ shifted from 
the third place from round 1 to the first place in rounds 2 and 3. The largest changes in 
ranking were observed for items xxii and ii; they shifted from the fourth to the eighth 
rank and from the eighth to the fourth, respectively.  
Overall, neither the mean scores nor their distribution varied to a large extent (i.e. 
superscripts in Table 4.3). In most cases, scores for relevance and feasibility were 
similar among the stakeholder groups. Although opinions of stakeholders from the 
same functional groups might vary within the group, academia had a tendency to give 
higher scores on feasibility in practice compared to the other stakeholder groups. With 
regards to consensus measurement, Cronbach's α based on all policy 
recommendations was 0.73, and Cronbach's α based on all communication guidelines 
was 0.69. These values indicate a moderate level of consensus. Most items had IQR≤2, 
except for a few lower-ranked items.  
4.3.2.2 Delphi round 3 
Results of the Delphi round 2 were presented through an online survey in the Delphi 
round 3. The Delphi round 3 was intended to confirm the voting outcomes obtained in 
the Delphi round 2 by informing and providing stakeholders with the results and an 
opportunity to comment on each item and on the corresponding graph (Appendix 4.A). 
Most stakeholders who participated in the Delphi round 3 did not have further 
comments about the voting outcomes (n = 13). There were few comments related to 





observed. The distribution of scores for relevance and feasibility was bipolar for these 
two items, in which the amount of stakeholders who rated the items high on the two 
criteria was comparable to the amount of stakeholders who rated them as low (Figure 
4.A.9 and 4.A.10). For item b, the comment was ‘very mixed response to this one. It 
would be interesting to see which types of organisation voted in each way’, and for 
item q, the comment was ‘again this would be useful to split depending on type of 
organisation - I think that food industry would have a very different view to NGO's on 
this one’. However, there was no significant difference observed among the three 
stakeholder groups (i.e. industry, academia and others) regarding the rating of these 
two items (Table 4.3). For communication guidelines, there was a comment related to 
the evaluation of item xxii (Figure 4.A.18): ‘health claim legislation was not intended to 
promote public health, so it is difficult to apply it (item xxii) to achieve those aims 
without strictly having health claims being present or absent on all foods.’ A large 
group of stakeholders rated this item neutral in terms of relevance and feasibility. In 
general, the Delphi round 3 did not yield additional insight and thus confirmed the 
voting outcomes obtained in the Delphi round 2. 
  




Table 4.3 Summary of the evaluation of policy recommendations and communication guidelines after the three Delphi method rounds 
Round 2 (n =100) and Round 3 (n = 13) Round 1 (n = 10) 
Ranking Mean scores# S.D. IQR Stakeholder groups‡ Ranking Changes 
Policy recommendations*      
#1  u. Focus on ways to improve motivation  5.19 b,c 1.15 1.00 - #1 = 
#2  
p. Provide accurate information about less familiar nutrients  
5.07 a,b,c 1.51 2.00 - #2 = 
#3  z. Promote the use of tested method toolbox 5.07 b,c 1.58 2.00 Relevance: Academia > Others #6 ↑ 
#4  n. Increase awareness about existing health claims and symbols 5.02 c 1.36 1.00 Relevance: Industry and 
Academia > Others  
Feasibility: Academia > Others 
#2 ↓ 
#5  a. Profile consumer segments to support well-targeted actions  4.93 a,b,c 1.40 2.00 Feasibility: Academia > Industry #5 = 
#6  s. Call for research on how individual interprets information  4.85 a,b,c 1.45 2.00 - #3 ↓ 
#7  o. Appoint a national authority for informing consumers 4.83 a,b,c 1.45 2.50 - #2 ↓ 
#8  v. Focus not only on education but also need for information  4.71 a,b,c 1.42 1.50 Feasibility: Academia > Industry #4 ↓ 
#9  c. Encourage collaboration between stakeholders and 
empowerment for monitoring  
4.64 a,b,c 1.40 2.00 Feasibility: Industry and 
Academia > Others 
#5 ↓ 
#10  b. Appoint a national authority for impact assessment 4.17 a,b 1.85 3.00 - #5 ↓ 














     
#1 / #2 xiii. Use innovative ways to communicate healthy eating 5.20 e,f 1.21 1.50 - #3 ↑ 
#1 / #2 x. Keep communication simple and clear and avoid jargons 5.19 f 1.22 1.50 - #1 = 
#3  xi. Consider that consumers interpret health claims and symbols 
differently as experts do  
4.88 e,f 1.36 1.50 - #5 ↑ 
#4  ii. Provide additional information in the context of a balanced diet 4.78 e,f 1.37 2.00 - #8 ↑ 
#5  xiv. Inform consumers about the EC Regulation 1924/2006, and 
avoid using low trusted information sources 
4.70 d,e,f 1.57 2.00 Feasibility: Others > Industry #2 ↓ 
#6  xix. Communicate health goals at the point-of-sale  4.69 e,f 1.64 1.50 - #9 ↑ 
#7  i. Take into account the needs of different consumer segments  4.59 d,e 1.65 2.50 - #7 = 
#8  xxii. Communicate possible benefits of correct health symbol use 4.27 d,e 1.48 1.50 - #4 ↓ 
#9  xii. Inform consumers that the prevalence of health claims does 
not necessarily reflect health priorities 
4.04 d 1.33 1.50 - #6 ↓ 
# All minimum scores are 1.00 and maximum scores are 7.00. 
* Items are listed in short form in this table. The full-length policy recommendations or communication guidelines can be found in Table 4.2. 
‡ If scores of relevance and/or feasibility are different among the stakeholder groups at the 0.05 level, a symbol ‘>‘ (greater than) is used to indicate the ranking of groups' 
scores for the respective items. 
The superscripts a – c (for policy recommendations) or e – f (for communication guidelines) indicate significantly different ranks of scores at the 0.05 level. This distribution was 
tested using Friedman non-parametric tests with Dunn-Bonferroni post hoc method, thus it deviated from the overall ranking computed using mean values. For policy 
recommendations, item u, p, z and n shared the same median (5.5), hence the ranking is based on the means. For communication guidelines, the median of item x (5.5) is 
higher than item xiii (5) though the difference is not significant, these two items thus share the first and second places at ranking. 
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4.4 Policy implications and conclusion 
This study has reviewed a wide range of assessments regarding the role of health claims and 
symbols in food consumer behaviour within the CLYMBOL project. It provides a 
comprehensive list of evidence-based policy recommendations and communication 
guidelines, and bridges the knowledge and views of stakeholders from various disciplines to 
evaluate the outcomes. These policy recommendations and communications guidelines are 
directed towards multiple stakeholder groups and aim to encourage collaboration. By means 
of an evaluation based on various quality criteria in three Delphi method rounds, policy 
priorities have been selected. Such efforts should focus on ways to improve motivation and 
interest in healthy eating among consumers. This is backed by the findings in Chapter 3, 
wherein motivation was the most important determinant of health claim use among 
European consumers. Consumers’ interest in healthy eating could be increased by adopting 
appropriate communication strategies, such as using innovative ways to communicate the 
importance of healthy eating. Information campaigns emerge as the most promising while 
combining a multitude of outreach channels (Ems & Gonzales, 2016). Public information 
campaigns are a commonly and frequently used type of intervention to stimulate healthy 
eating, with some evidence of positive impact in terms of raising awareness, knowledge and 
claimed behaviour, but without strong evidence of effectiveness in terms of changing 
nutritional intake and health markers (Capacci et al., 2012). To date, there has been only 
limited attention to the way in which various communication channels can complement each 
other, and concerted use of different information channels could improve the effectiveness 
of such campaigning. For example, it has been shown that targeted multi-media campaigns 
aimed at promoting the use of health symbols can affect the prevalence of the health motive 
while shopping (Mørk et al., 2017). Meanwhile, there is a clear consensus and strong 
agreement that communication should be kept simple and clear, yet scientifically sound, as 
consumers favour health claims with shorter and less complex messages and health symbol 
with visible endorsement (Hodgkins et al., 2015; Miklavec et al., 2016). In parallel, product 
reformulations can help to change the possible negative association between healthiness 
and tastiness. Nevertheless, some experts in the study of Khan et al. (2017) concerned that 




Despite the fact that scanner data provide robust findings against measurement errors, as 
the data were derived from objective measures of past and actual purchase (Brooks & Lusk, 
2010), the policy recommendation and communication guideline stemming from the 
econometric study of Dutch and Danish household panel data (Edenbrandt et al., 2017; 
Smed et al., 2017) received relatively low ratings. While the study results suggest that 
consumers are willing to pay higher prices for products with health symbols, there was a 
clear consensus that stakeholders did not agree with the idea of increasing prices for 
products with health symbols. Stakeholders might have considered that increasing prices for 
products with health symbols would decrease consumer demand and eventually discourage 
the use of health symbols, and the price differential for products with health symbols 
indicated by the analysis can be viewed as the premium the market attaches to products 
with an improved nutritional profile, but not necessarily as an indicator for the possibility of 
additional price premiums.  
Meanwhile, it was generally agreed that consumer awareness about existing health claims 
and symbols should be increased and consumers should be better informed about their 
meanings in the context of a healthy diet, as well as about the scope of the EC Regulation 
1924/2006.  
Stakeholders from academia had a tendency to give higher scores on feasibility in practice 
compared to the other stakeholder groups, which could be explained by the fact that 
academics are not involved in implementing the actual public policy actions. Stakeholders 
from government, NGOs, legal advisory, consumer organisations or public health gave a 
higher feasibility score than industry to the item concerning informing consumers about the 
EC Regulation 1924/2006, whereby health claims are authorized only when they are 
substantiated by scientific evidence and proven to be understood and meaningful to average 
consumers (item xiv). This discrepancy could be due to fears of industry about the stigma 
effect brought on food products without health claims or symbols. On the other hand, food 
industry may be able to further exploit the marketing opportunity if ESFA’s approval is 
highlighted in the communication, as health claims approved by an independent and 
competent third party tend to be perceived as more credible by consumers (Larceneux, 
2003).   
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Overall, a moderate consensus was achieved in this Delphi study. In line with expectations, a 
lower level of consensus was observed regarding the criterion ‘relevance to stakeholder’s 
organization’, since the stakeholders represented different sectors and disciplines. 
Disagreement and dissension are sometimes desirable in Delphi studies, as policy issues can 
be explored in a more creative way, provided that adequate clarification of the different or 
opposing opinions are available (Heiko, 2014). This marks a potential limitation in the 
present study, as stakeholders reached consensus relatively easy, and may not have been 
sufficiently incentivized to further elaborate their ratings in the Delphi round 3.   
Similar to other methods of knowledge synthesis, this Delphi study has some limitations on 
reproducibility and transparency (Yoshida, 2016). Participation of stakeholders was 
completely voluntary and the incentive was purely based on their professional or personal 
interests. This implies possible self-selection bias from the fact that mostly stakeholders with 
high involvement, interest and expectations participated in the study. In addition, 
participants were free to withdraw at any moment during the study. Most stakeholders did 
not complete all 3 Delphi rounds, nor vote for all items in round 2 systematically, which may 
have led to a nonresponse bias. Furthermore, the anonymous data do not allow tracking the 
evolution of responses of individuals throughout the Delphi study rounds. Hence, it is not 
possible to investigate changes of opinions of individual stakeholders throughout the study. 
Besides, there was no information about the food sectors that stakeholders were 
representing due to anonymity reason. Different food sectors might respond differently due 
to their different experiences with health claims and product innovation. In an attempt to 
control for such limitations, appropriate indications of central tendency, dispersion and 
changes of ratings have been provided in this paper. Nevertheless, future Delphi studies may 
be supplemented with other quantitative measures to allow a more systematic approach, 
which enables anonymous identification to keep track of the evolution of individual 
participation and responses throughout the study rounds.  
In brief, this study provides useful insights that guide future policy development aligning 
consumer protection issues, as well as public health and food marketing communication 
interests. Meanwhile, it demonstrates how the Delphi method can be an appropriate and 
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This focus group study explored stakeholder and consumer reactions towards reformulated 
meat products that potentially contribute to better gut health by means of nitrite reduction 
and phytochemical addition. This innovation might improve both the healthiness and health 
image of processed meat products, in spite of concerns and challenges related to safety, 
taste, price and communication. Stakeholders and consumers held ambivalent reactions 
towards this concept. The idea of replacing nitrite with phytochemicals, which were referred 
to as ‘natural extracts’ in the consumer groups, was generally favoured by both stakeholders 
and consumers, albeit for different reasons. Nitrite received a negative health image among 
consumers, while phytochemicals were generally perceived as natural and healthy. 
Stakeholders supported the idea of putting more efforts into the development of these 
reformulated meat products but found it difficult to communicate about this innovation to 
the public, as they felt an apparent gap between consumers’ perceptions and facts might 
exist. Consumers’ concerns mainly laid on the resulting products’ taste, healthiness and 
shelf-life. In order to be successful, the reformulated meat products were expected to 
possess desirable sensory characteristics and proven healthiness compared to conventional 
meat products. Future studies are warranted to provide quantitative insight into how to 
design and implement effective market positioning and communication strategies regarding 
this type of newly developed and reformulated meat products. 
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5.1 Introduction 
Consumers’ perceived healthiness of meat products is an important determinant of meat 
consumption largely influencing contemporary meat industries’ legitimacy and 
competitiveness (Grunert, Verbeke, Kügler, Saeed & Scholderer, 2011). Processed meat 
consumption is often ambivalently perceived as partially beneficial and partially harmful for 
human health (Van Wezemael, Verbeke, de Barcellos, Scholderer & Perez-Cueto, 2010). The 
positive effects mainly relate to the nutritional and safety benefits, as meat itself is an 
excellent dietary source of proteins, iron, zinc and vitamin B12, all providing high biological 
value for humans (Hathwar, Rai, Modi & Narayan, 2012). The processing of meat into meat 
products improves the product’s shelf-life and microbiological safety (Aoki, Shen & Saijo, 
2010). Some negative aspects associated with particular processed meats are such as the 
high fat and cholesterol content and the possible cancer promoting effects related to high 
intakes (Valsta, Tapanainen & Mannisto, 2005). The report of the World Cancer Research 
Fund (WCRF) and the American Institute for Cancer Research (AICR) indicated a weak but 
significant relationship between increased intake of red and processed meats and an 
increased risk of colorectal cancer (Bouvard et al., 2015; WCRF, 2007). As a consequence, 
experts recommended to limit red meat and avoid processed meat intake.  
Regardless of the negative associations between the consumption of specific meats or meat 
products and human health, and despite weak signals of meat consumption reduction in 
some high-income countries (Mathijs, 2015), global meat production and consumption are 
unlikely to experience any significant decline in the near future (Speedy, 2003; Alexandratos 
& Bruinsma, 2012). Anyhow, by reducing meat consumption alone, the decrease in cancer 
risks might not be significant and it could be accompanied by several drawbacks such as the 
loss of nutritional benefits, particularly iron which is still an important nutritional deficiency 
disorder affecting large parts of the global population. In addition, livestock farmers and 
meat industries would experience important economic hardship (Demeyer et al., 2008) and 
consumers would lose the pleasure of eating processed meat products (Resano, Pérez-
Cueto, Sanjuán, de Barcellos, Grunert, & Verbeke, 2011; Pérez-Cueto & Verbeke, 2009). 
Therefore, rather than expecting or watching processed meat product consumption to 
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decline, it is more sensible both from a public health and industry commercial perspective to 
proactively invest in the development and promotion of reformulated meat products based 
on scientific knowledge. 
The concept of ‘reformulated meat products’ in the context of the present study refers to 
processed meat products with new ingredients, more specifically phytochemicals or natural 
bioactive compounds that potentially provide additional health benefits without 
compromising on safety, taste and nutritional value. Meat products could be an excellent 
candidate as a functional food due to the suitable matrices for phytochemical addition, the 
versatility in production, their intrinsic nutritious value and strong consumer appeal (Van 
Wezemael, Caputo, Nayga, Chryssochoidis & Verbeke, 2014). Furthermore, adding 
phytochemicals during processing rather than through the livestock’s feed offers a better 
control over costs, quantities and overall quality of the end product (Grasso, Brunton, Lyng, 
Lalor & Monahan, 2014). The resulting meat products may potentially avail of an improved 
health image, which could be attractive to the growing segment of health conscious 
consumers. 
There is indeed a growing trend of consumers opting for healthier and more natural meat 
products (Verbeke, Pérez-Cueto, de Barcellos, Krystallis & Grunert, 2010), partly due to the 
confusion and fear created by mass media coverage of information about processed meat 
products and cancer risk (Verbeke, Frewer, Scholderer & De Brabander, 2007). When many 
negative connotations are linked to constituents that are commonly perceived as unhealthy 
such as food additives and preservatives (Shim et al., 2011; Liu, Pieniak, & Verbeke, 2014; 
Van Loco, Vandevijvere, Cimenci, et al., 2015), a reduction of these substances is seemingly 
favoured (Kumar et al., 2012). Nitrite is a conventional food additive in various meat 
products, serving to inhibit the development of food spoilage caused by Clostridium 
botulinum, contributing to desirable colour development and exhibiting anti-oxidative 
activity that gives the characteristic flavour of cured meats (Deda, Bloukas & Fista, 2007). 
However, the intake of nitrite added in meat processing may result in the formation of 
carcinogenic N-nitroso compounds in the stomach and large intestine in the presence of 
amino acids (Herrmann, Duedahl-Olesen, & Granby, 2015). In addition, it has been shown 
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that consumers may not favour the use of sodium nitrite, regardless of the presence or 
absence of detailed information about this additive (Aoki et al., 2010). 
With the goal of reducing potentially unhealthy ingredients in meat products, product 
reformulation has been identified as ‘probably the private-sector action that brings the most 
benefits’ (Capacci, Mazzocchi, Shankar, Brambila-Macias, Verbeke, Perez-Cueto, et al., 
2012). The (partial) replacement of nitrite with health-promoting substances, for instance 
phytochemicals, could be a promising solution to attain the goal of improving meat 
products. Phytochemicals are natural bioactive compounds present in vegetables and fruits, 
for example, and known to have a health-promoting efficacy (de Kok, van Breda & Manson, 
2008). These compounds may contribute to the preservation of food products in terms of 
microbiological safety and quality, owing to their strong antimicrobial and antioxidant 
capacity (Surh, 2003). Substantial anti-carcinogenic and anti-mutagenic properties have been 
identified in various phytochemicals, which can potentially protect the human gut from 
adverse health effects by reducing the formation of carcinogenic N-nitroso compounds such 
as nitrosamines along with meat product ingestion and preventing the induction of oxidative 
genetic damage (Chung, Lim, & Lee, 2013; de Kok, van Breda, & Manson, 2008). 
Unfortunately, there are no conclusions yet on the most effective bioactive compounds for 
reducing the formation of N-nitroso compounds or counteracting the nitrosamine induced 
damage (Oostindjer, Alexander, Amdam, Andersen, Bryan, Chen, et al., 2014).  
Public health authorities, research institutes and meat industries have been actively 
searching for possibilities to replace nitrite in meat products. Several evidences suggest that 
this could be feasible and possibly beneficial, e.g. with the use of plant extracts, herbs and 
berries as natural preservatives (Burt, 2004; Davidson & Naidu, 2000; Søltoft-Jensen & 
Hansen, 2005; Viskelis et al., 2009; Gyawali & Ibrahim, 2014). Deda et al. (2007) have shown 
a promising example of reducing the nitrite levels without compromising the processing and 
quality characteristics of frankfurter sausages by the addition of tomato paste. Haugaard, 
Hansen, Jensen and Grunert (2014) reported positive consumer attitudes towards processed 
meat products with only natural preservatives. The authors stressed that preservation with 
natural extracts could be highly relevant in conventional meat production, as it minimizes 
the amount of chemical additives needed.  
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The aim of this study is to explore, compare and integrate stakeholder and consumer 
reactions towards reformulated meat products, i.e. meat products with reduced nitrite and 
added phytochemicals that potentially contribute to a better gut health. The study aims at 
providing a broad spectrum of opinions and at facilitating the development, production and 
marketing of reformulated meat products. The present study includes both stakeholders and 
consumers, as they are the main actors in the meat production chain from farm to fork. 
Stakeholders play a key role in product development, market positioning, marketing and 
legislation. Specific actions towards the development of reformulated meat products will 
only be effective if stakeholders, in accordance with their respective domains of activity, are 
supportive of the idea. As the ultimate target user group, consumers are another key player. 
Their openness to the idea, perceptions or beliefs, and acceptance shape their future food 
choices and hence the potential marketplace success of reformulated meat products (Aoki et 
al., 2010; Verbeke, 2006; Grunert et al., 2011). A study with an integration of reactions by 
stakeholders and consumers towards the concept of reformulated meat products is thus 
extremely useful to unveil the potential benefits, challenges and chances for success of these 
reformulated meat products.  
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5.2 Materials and methods  
This study was part of the integrated project ‘PHYTOME’, Phytochemicals to reduce nitrite in 
meat products, funded within the 7th Framework programme for Research and Technological 
Development of the European Commission. Focus group discussion methodology was 
adopted. This type of qualitative research method is suitable to collect preliminary and 
exploratory insights, which is relevant in the present case as this innovation is at an early 
stage of development and new in the commercial context. Hence, stakeholders would have 
no or little knowledge of the feasibility and outcomes, and also consumers would have no or 
only limited knowledge about this innovation. Focus group discussions have been shown to 
be an effective way to gain exploratory insights into reactions, beliefs, attitudes and 
intentions from a diverse population regarding food in general (Kitzinger, 1995) and meat 
products in particular (Van Wezemael et al., 2010; de Barcellos et al., 2011). The strength of 
using focus groups pertains also to the interaction among participants in a social context, 
which enables the collection of less accessible data and insights and opening to themes that 
have not been anticipated beforehand (Krueger, 1994). However, focus group discussions 
have limitations too, such as the small number of participants involved and the lack of 
representativeness of the sample compared to the population. Furthermore, the relative 
importance among opinions and strength of attitudes, beliefs and intentions cannot be 
sorted out as the method is qualitative and exploratory rather than quantitative and 
conclusive. In this study, six focus group discussions were conducted in four EU countries 
selected based on their geographical locations in Europe and the level of meat product 
consumption. There were two focus groups with international stakeholders from various 
sectors involved in the processed meat production and supply chain, and four focus groups 
with consumers from Belgium, the Netherlands, Italy and Germany. 
5.2.1 Stakeholder focus groups 
5.2.1.1 Participant selection 
The first stakeholder group discussion (n=10) took place in Brussels (Belgium) in May 2013. 
The second stakeholder group discussion (n=14) was held in The Hague (The Netherlands) in 
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July 2013. The groups included representatives from the government (n=3), various food 
experts (n=3), representatives from food communication organisations (n=2), meat 
producers and their associations (n=7), retailers (i.e. supermarkets and traditional butchers) 
and their associations (n=6), and ingredient suppliers (n=3). Contacts were provided by 
national and international meat producers’ associations.  
5.2.1.2 Study design 
In accordance with the objectives of the study, a topic guide was prepared to facilitate a 
semi-structured discussion, in which some sections were similar for both stakeholder and 
consumer groups. In the stakeholder groups, discussions started after an introduction, 
probing participants’ associations with meat and processed meat products, their perceived 
importance and efforts put in the development of improved meat products. This was 
followed by their opinions on the desired extent of nitrite reduction (no, partial or complete 
elimination) and how this could be achieved (e.g. the choice of replacing agents and 
selection criteria). The next section was related to the responsibility for the development, 
production and marketing of the resulting reformulated meat products and the roles of the 
meat industry. The discussion proceeded with stakeholders’ expectations (i.e. perceived risks 
and benefits) from developing these reformulated meat products and the according 
valorisation potential. This part was followed by the communication about nitrite 
replacement (i.e. to whom this should be communicated and how it should be done). 
Stakeholders were asked to provide meaningful thoughts about and ideas for future 
research in the last section. 
5.2.2 Consumer focus groups 
5.2.2.1 Participant selection 
The four consumer focus group discussions were carried out between July and October 2013 
in Belgium (BE), the Netherlands (NL), Italy (IT) and Germany (DE). Participant selection was 
done by market research and recruitment agencies (AskIT in Belgium, R&N Matrix in the 
Netherlands, Ales in Italy, and Skopos in Germany), all abiding the ICC/ESOMAR International 
Code on Market and Social Research regarding ethics in social sciences research 
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(ICC/ESOMAR, 2008). Each focus group consisted of seven or eight meat consumers, in line 
with general guidelines for conducting focus group research. Selection criteria were based 
on age (between 18 and 60 years old, representation of all age categories), gender (equal 
amount of males and females) and the consumption frequency of processed meat products 
(at least once a week). All participants were involved in their household’s food purchase but 
not necessarily the main shopper. Each focus group comprised participants from a variety of 
socio-economic backgrounds. Table 5.1 provides an overview of the demographics and the 
meat product consumption frequency of the consumer participants.  
Table 5.1. Mean age (range) and distribution of gender and processed meat products consumption 









Mean age in years (range) 41 (20-52) 36 (22-49) 43 (25-55) 38 (26-55) 
     
Gender (frequency)     
Male 3 3 4 4 
Female 4 4 4 4 
     
Processed meat products 
consumption frequency 
    
1 to 5 times a week 










5.2.2.2 Study design 
The focus group discussions were organized according to a topic guide that facilitated a 
semi-structured conversation. After an introduction, consumers were asked to provide their 
associations with meat products, followed by a discussion about phytochemicals in general 
and in processed meat products specifically. Importantly, as consumers may not be familiar 
with the term ‘phytochemicals’, the concept was consistently expressed as ‘natural extracts’ 
in the consumer focus group discussions. A photo association exercise was carried out to 
elicit participants’ reactions towards a variety of natural sources of phytochemicals that 
might qualify as ingredients in future meat products with reduced nitrite content. The list of 
sources included acerola, blueberry, cochineal insect, coffee, cranberry, curcumin (Indian 
turmeric), grape seed, green tea, Japanese knotweed (polygonum cuspidatum), jasmine, 
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onion, oregano, red beet, red wine/grape, red yeast rice, rosemary, sophora (honey tree) 
and thyme. These 18 potential sources of phytochemicals were selected based on scientific 
judgements using the following criteria: 1. Natural, possibly of plant or botanic origin and 
with recognized anti-oxidative properties and antimicrobial activities; 2. Commercially 
available, accessible through the market of ingredients and additives for the food industry; 
and 3. Compatible with meat products, which must not adversely influence the technological 
and sensory properties. Consumers were asked to indicate for each of the 18 sources of 
phytochemicals: 1. General associations with this source of phytochemicals; 2. Associations if 
this extract would be added in meat products; and 3. Ranking of the sources of 
phytochemicals according to the perceived acceptability of it being added in meat products. 
The next section was related to the healthiness of meat products and its effect on purchase 
behaviour, which included the probing for possible ways to improve the healthiness of meat 
products, asking who should be responsible for driving and monitoring this innovation, and 
how much consumers would be willing to pay more for the resulting reformulated meat 
products.  
Consumer opinions about nitrite and nitrite reduction in meat products were also discussed. 
Participants were asked what they knew about nitrite. Afterwards, textual information about 
nitrite and its functions in food and meat products was presented, followed by a discussion 
on what consumers think about the use of nitrite, the idea of nitrite reduction or 
elimination, and the possible replacement by phytochemicals. Finally, participants were 
asked about their preference for information about reformulated meat products, which 
aimed to gain insights into whether and what type of information they would like to receive 
about nitrite and nitrite reduction in meat products, and the addition of natural extracts. The 
topic guide was arranged in a way to avoid possible order biases. Hence, consumers’ 
reactions regarding (the addition of) phytochemicals in meat (previous section) were not 
influenced by the information provided about nitrite and nitrite replacement.  
5.2.3 Content analysis 
All focus group discussions were audio-recorded and transcribed verbatim for thematic 
analysis. Three researchers checked the transcripts and had regular meetings to distil the 
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main messages. Analysis was considered complete when there were no more new concept, 
patterns or themes emerging, which is in line with the definition of thematic/data saturation 
(O'Reilly & Parker, 2012). Open coding was employed, messages were compared and 
grouped into different themes based on similarities. The main themes were identified based 
on the patterns of meaning in the content as outlined in the topic guide. Selected quotes 
from the stakeholders (Box 1) and consumers (Box 2) that support the presented findings are 
in Appendix 5.A. The quotes are categorized into the same themes and they are presented in 
the same order as included in the results section. The anonymity of participants was ensured 




5.3.1 Stakeholder reactions 
5.3.1.1 Perceived importance of developing improved meat products  
Stakeholder participants showed a strong interest in the development of reformulated meat 
products, aiming at improved healthiness, and perceived it as an important initiative. A great 
deal of the health issues and controversies faced by the meat sector were highlighted, such 
as the demand for reduction of salt, fat and saturated fat, the reduction of E-numbers on the 
ingredient list, the elimination of mono-sodium glutamate, and improvements in traceability. 
Examples were mentioned to demonstrate the industry’s proactive engagement to improve 
the healthiness of meat products. Generally, stakeholders referred to food safety as the first 
priority, then to the organoleptic quality and finally to the nutritional value as issues that 
should receive attention when innovating processed meat products. Some stakeholders also 




5.3.1.2 Reduction or elimination of nitrite in meat products 
Stakeholders pointed to mass media as the culprit for the negative health image of nitrite in 
meat products. Retailers and producers specified that the reduction of fat and salt has been 
far more important than nitrite reduction according to consumer perception. They also 
pointed to the fact that nitrite reduction is very difficult owing to nitrite’s multiple 
functionalities. Nevertheless, stakeholders agreed that if nitrite could be reduced or 
eliminated from meat products, this goal should be pursued. Disagreements existed about 
striving for partial reduction versus complete elimination of nitrite. Some considered 
complete elimination to be unrealistic, especially with reference to the end-product’s colour; 
the others believed complete elimination of nitrite from particular meat products should be 
possible, but a challenging goal to strive for.   
5.3.1.3 Replacement of nitrite by the addition of phytochemicals in meat products 
Different reactions existed towards the concept of nitrite replacement in meat products by 
phytochemical addition. The participants involved with regulatory issues and legislation 
warned that the replacement of nitrite by phytochemicals containing nitrate (such as celery 
or red beet) was not a correct procedure to follow, since this might not give rise to an actual 
improvement in the healthiness of meat products.  
Some argued that the reduction or elimination of nitrite might not be feasible without the 
addition of phytochemicals, while phytochemical addition into meat products as a 
fortification alone would not be meaningful enough. They flagged that it would be 
completely irrelevant to position the innovative products as ‘contributing to an increase in 
vegetable or fruit consumption’, given the very small amount of the extracts in final meat 
products, and the relatively low consumption level of meat products compared to staple 
foods. Yet most stakeholders still found the addition of phytochemicals worth pursuing. 
Several criteria for selecting suitable phytochemicals were anticipated. The consensus was 
that the phytochemicals used in meat products must be in line with the (European) 
legislation and give rise to competitive and comparable end-products (as the ones with 
nitrite). This implies exhibiting desirable colour and sensory properties (taste and texture). In 
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terms of shelf-life, the phytochemicals should ensure good microbial safety, allow efficient 
technological processing during production and remain stable from production to 
consumption. 
5.3.1.4 Responsibility to improve the healthfulness of meat products 
National food safety agencies were considered as an important actor in monitoring and 
controlling the healthiness and safety of the resulting meat products, notably including 
imported meat products. Stakeholders suggested the development of a clearer legal 
framework as an indispensable part of a long-term and sustainable solution. They believed it 
should be the task of the national government (Public Health departments or ministries), yet 
the government could only set benchmarks but not force actors to add specific substances to 
their meat products.  
Producers or manufacturers were expected to take the initiative to improve the healthiness 
of meat products. Collective research efforts, involving producers were seen as very 
promising. Although large companies could carry out large-scale research individually, 
collective research efforts could integrate knowledge and budgets, as such to involve also 
small and medium-sized enterprises to make the innovations more effective and beneficial 
for the whole sector. Meanwhile, as retailers have the most direct contact with consumers, 
they might be able to come up with meaningful solutions based on the enquiries, comments 
or complaints from consumers. Some meat producers stressed that the demand and 
expectations of supermarkets (retailers) are critical in the innovation, e.g. the expected cost 
and shelf-life of the meat products. Since the negative health image of meat products was 
mainly created by mass media; stakeholders found it necessary for opinion leaders to change 
their way of reporting about processed meat, whereby communication must be organized in 
a more uniform way across the meat sector.  
Although stakeholders stated that consumers’ consumption patterns of processed meat 
products were an important factor in the overall health impact of these products, consumers 
were not suggested to be held responsible, except from being involved indirectly through 
their feedback to the retailers. 
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5.3.1.5 Communication about nitrite reduction 
Stakeholders found communication about nitrite reduction very difficult although it could 
show the industry’s proactive efforts. Communicating to consumers directly was presumed 
to be problematic due to consumers’ low awareness of the nitrite use in meat products. 
Stakeholders did not expect them to accept meat products with limited nitrite if there would 
also be nitrite-free meat products marketed as such. Some advised communicating about 
the impacts of nitrite reduction (e.g. explaining minor changes of colour in cooked ham) 
without stressing on the possible negative effects of nitrite. It was agreed that 
communication about nitrite reduction to consumers could be feasible in the long term 
when there would be more scientific evidence about potential alternatives. It was 
recommended to communicate not directly to the end-consumers but first to the relevant 
stakeholders and opinion leaders. In this way, the industry could demonstrate their 
awareness and efforts, fitting in a defensive communication approach. The relevant sectors 
could thus become prepared for the possible emerging issues regarding nitrite reduction. By 
reaching out to opinion leaders, such a strategy might influence the messages appearing in 
mass media in the future. However, stakeholders acknowledged the impossibility to change 
the negative image of meat products through mass media communication in the short run. 
Although there was no consensus on how to achieve the communication objectives, it was 
emphasized that the communication should always be well planned and organized 
collectively. A defensive strategy was proposed, where the nitrite reduction should be 
achieved without too much publicity at first; having answers ready if the healthiness of meat 
products would be questioned in the future, like a contingency plan in case adverse issues or 
negative news would arise. It was not recommended to communicate through mass media 
so as to avoid simplified messages and polarization. If mass media (e.g. marketing 
campaigns) would be used, an independent organisation or person (not directly related to 
the meat sector) such as a chef or an athlete would be preferred to communicate about the 
healthiness of meat products. Communication using (health) claims was favoured, and some 
believed that it was almost impossible to communicate convincingly and effectively without 
legally approved (health) claims. However, the stringent criteria and time-consuming 
procedures for claim approval by the European Food Safety Authority (EFSA) were believed 
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to make this most probably unrealistic. It was anticipated that communicating about 
‘improved gut health’ would yield a better outcome than ‘reduced cancer risk’, but 
stakeholders remained sceptical. They referred to the dairy sector indicating that positive 
framing of information messages was not always successful, even though dairy products 
were more often associated with favourable effects in terms of gut health compared to meat 
products. 
5.3.1.6 Communication about phytochemical addition 
Regarding communication about phytochemical addition, stakeholders questioned why this 
should be done while the current legislation and state of scientific knowledge would not 
allow health claims on the reformulated meat products; as there has not been any 
precedent of health claims awarded by EFSA to processed meat products up to now. Some 
stakeholders again expressed the impossibility to promote the innovative products without a 
scientifically substantiated health claim; others argued the opposite provided messages can 
be spread through the use of packaging information. Most stakeholders agreed that the 
addition of specific phytochemicals could improve the health image of processed meat 
products, yet it would be difficult to communicate especially to consumers about mostly 
unknown or unfamiliar ingredients.  
5.3.1.7 Expected difficulties facing the innovation  
Replacement of nitrite by phytochemical addition was considered very challenging from a 
technological and market acceptability point of view, since meat products with reduced 
nitrite levels should ideally have the same or at least an acceptable colour, desirable taste 
and texture, and be safe for consumption. An alternative with proven efficacy must be 
available before reducing or eliminating nitrite in meat products, and the perceived fitness 
of the alternative ingredient in a meat matrix should be taken into account. Nonetheless, 
meat products with no or reduced nitrite were expected to be attractive only to a niche 
market, unless all meat products would have these reduced nitrite levels. Consumers’ 
perception would play a major role and it was perceived not easy to alter.  
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Current legislation was acknowledged as another difficulty for replacing nitrite. It was 
highlighted that the use of salt replacers was not allowed, hindering the search for an 
alternative to replace nitrite. Besides, the approved phytochemicals would have to be 
labelled with E-numbers, which might reduce the industry’s willingness to use them owing to 
the risk of marketplace rejection. Another legal aspect mentioned was the monitoring and 
control on the use of nitrite; recent legislation focused only on the residual amount but not 
on the amount of nitrite added during production.  
Other challenges included the cost of research and development, production technology and 
market launch. The last hurdle pertained to the feasibility of the innovation in the short run. 
Attractive outcomes such as a successful replacer of nitrite or a scientifically-proven 
effective phytochemical that can be legally claimed were only expected in the long run. 
5.3.2 Consumer reactions 
5.3.2.1. Meat consumption in general and general interest 
Consumer participants from all four countries agreed that meat products play a very 
important role in their countries as well as in their personal diets. Generally, consumers 
expressed trust in European and national food quality controls, and found it very desirable 
that processed meat products are improved. The price of reformulated meat products was 
expected to be higher than of conventional ones. The majority claimed to be willing to pay 
slightly more for reformulated meat products that promise to be healthier. However, this 
willingness was conditional and restricted to products with credible quality improvements 
but not for marketing fads. Some consumers reacted negatively towards the possible 
increased price of reformulated meat products.   
5.3.2.2 Nitrite in meat products  
Most consumers had heard of the link between meat consumption and cancer, but their 
knowledge about nitrite in food and meat was very limited. Although many had already 
heard of nitrite (or nitrate) in food, the impact of nitrite on human health and the 
differences between nitrite and nitrate were largely unknown as they spontaneously 
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mentioned spinach or drinking water as examples of sources of nitrite. After information 
about nitrite in food and meat products was provided, participants believed that it was safe 
for consumption as long as the amount of nitrite complied with the legal limits. Some 
pointed out that if nitrite could ensure food safety, then it should be applied instead of other 
less effective substances. By contrast, a Belgian participant considered nitrite as poisonous, 
as he acknowledged the regulations and norms for the nitrite levels in food. Others without 
this knowledge also agreed that nitrite consumption should be limited, while a few 
participants showed very little concern about nitrite in their food.  
5.3.2.3 Acceptance of natural extracts added to meat products 
Table 5.2 provides an overview of consumers’ reactions towards different natural sources of 
phytochemicals that qualify for use in processed meat when nitrite is reduced. Based on the 
associations and comments, several determinants of consumers’ acceptance towards the 18 
natural extracts used in meat products were identified. Organoleptic characteristics and 
sensory expectations (such as taste, texture, aroma, and colour) were the priority for 
consumers while considering the use and acceptance of natural extracts in meat products. 
Taste was the most important factor. Fragrant plants and herbs were suggested to positively 
influence the aroma and taste of processed meat products. Texture was also a key factor; 
the idea of tough pieces was disliked, but consumers seemed to appreciate a certain crunchy 
texture in meat products. Perceived health benefits such as from anti-oxidant properties, the 
presence of vitamins and minerals and expected anti-carcinogenic effects had a positive 
effect on consumers’ expectations and acceptance regarding the combination of natural 
extracts and processed meat products. Ingredients with more favourable images in terms of 
health benefits, such as vegetables, herbs or berries were preferred. Consumption occasions 
associated with the natural sources were also important. While some sources (e.g. thyme 
and onion) were associated with eating occasions where meat takes a dominant role, such as 
Sunday roasts or barbecues, others (e.g. coffee) were associated with non-meat related 
occasions such as cosy moments or with dessert and therefore perceived as less desirable in 
combination with meat.  
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Another crucial dimension related to familiarity. Ingredients used commonly by consumers 
themselves such as onion, rosemary and oregano were more easily accepted than unknown 
natural extracts such as sophora or red yeast rice. Differences in the nature or origin of the 
extracts (i.e. flower, seed, root or insect) led to different degrees of acceptance. Insect-
based extracts such as carmine from cochineal insect were the least accepted. Plant-based 
extracts were clearly more preferred. Type of meat was also considered as a factor shaping 
acceptance or rejection, for instance, thyme and red wine/grape were more associated with 
red meat like beef or deer, while oregano was more associated with white meat like poultry. 
Examples were used to illustrate the association with different types of recipe e.g. prosciutto 
or salami with herbs like thyme or rosemary, deer pâté with cranberry or berries. Perceived 
geographic or cultural origins (e.g. Italian, French or Asian culture) played a role in 
acceptability as well; the natural extracts with European cultural origins seemed to be more 
accepted, probably due to the higher familiarity. Perceived functions of the natural extracts 
elicited different levels of acceptance. The extracts that were perceived to enhance taste or 
colour were more accepted than the ones perceived to serve mainly as preservatives. 
Table 5.2. Synthesis of consumers’ acceptance of the 18 natural sources of phytochemicals for use in 
processed meat based on the ranking task and comments 
Acceptability Sources of phytochemicals, referred to as ‘natural extracts’  
Acceptable Onion, Oregano, Rosemary, Thyme 
Rather acceptable Red wine/grape, Acerola, Blueberry, Cranberry, Red beet 
Neutral Japanese knotweed, Sophora, Grape seeds, Jasmine, Turmeric-Indian saffron 
Rather unacceptable Green tea, Red yeast rice 
Unacceptable Coffee, Cochineal insect 
 
5.3.2.4 Replacement of nitrite by the addition of phytochemicals 
The idea of replacing nitrite by phytochemicals (referred to as ‘natural extracts’ in the 
consumer focus group discussions) yielded mixed reactions. A German consumer stated that 
if nitrite can be completely replaced by a natural compound, it would even be acceptable to 
consume insect-derived ingredients. Meanwhile, some consumers were sceptical about 
phytochemical addition into processed meat products and they expected themselves to be 
reluctant to accept the end product till these would be sufficiently proven to cause no harm.  
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5.3.2.5 Communication about nitrite reduction and/or natural extract addition 
Generally, consumer participants had very limited knowledge regarding ingredients, 
additives and E-numbers. The majority did not read nutritional information on meat 
products in detail. For the ones who did, they had a preference for processed meat products 
with less ‘E-numbers’ and less fat. E-numbers were seen by most participants as the signal 
for chemical agents with harmful health effects (‘and therefore they have to be labelled’, as 
understood by consumers) giving products an unhealthy image. Belgian consumers seemed 
to have relatively more knowledge about E-numbers. They mentioned that the ingredients 
with E-numbers were added for specific functions during processing such as flavour 
enhancement.  
Regarding the use of nitrite, consumers desired to be more informed, especially whether the 
negative health impacts of nitrite have been scientifically proven. Clear and understandable 
labelling was favoured. Most participants agreed that nitrite-free products should bear a 
label. A divergence of reactions between positive and negative labelling of nitrite existed. 
More consumers agreed with the use of negative labelling (e.g. no nitrite or nitrite-free), 
which would be more eye-catching than positive labelling (e.g. with nitrite), and it might 
improve the health image of the carrier products. For the labelling of natural extracts, 
possible options such as ‘with natural extracts’ or ‘with natural anti-oxidants’ were 
suggested, but no overall agreement. Product packages were believed to be already 
overloaded with information.  
Consumers suggested that the responsibility for communication should be with the 
government, national food safety agencies, scientists and health insurance companies. 
German consumers expressed that it should also be consumers’ own responsibility, whereby 
they should pro-actively search for information if they would like to be more or better 
informed. The government (e.g. Ministry of Health) was also considered to be responsible to 
ensure the healthiness of foodstuffs. In response to the question about the credibility of 




5.3.2.6 Concerns regarding the reformulated meat products 
Although some consumers were confident that natural extracts could counteract some 
effects brought by harmful substances in processed meat products, others doubted if natural 
extracts were truly healthier than nitrite. Justifications for the replacement of nitrite by 
natural extracts were also questioned. Consumers were sceptical about the relevance and 
magnitude of nitrite reduction and the cancer prevention potential. They suggested that the 
effects in the long term should be taken into account and that there must be sufficient 
scientific evidence before replacing nitrite in processed meat products. Another concern was 
related to the addition of natural extracts: if nitrite would be replaced because of the cancer 
risk, it should be certain that the replacing agents are free of a similar risk (i.e. not 
carcinogenic). If it would be done to purely increase profits, then consumers would not be in 
favour of nitrite replacement and not be willing to accept or pay more.  
The amount of phytochemicals needed to replace nitrite in processed meat products was 
discussed. Some participants found the idea of processed meat products with a large 
amount of added natural extracts favourable, but others were worried that they might 
evoke negative health effects, as the different substances may interact with each other and 
become harmful when combined. Above and beyond the amount, unfamiliarity towards 
some extracts was also an issue of concern.  
Taste was one of the most important factors; consumers stated that if processed meat 
products with low or no nitrite would not have a good taste, they would not be willing to buy 
it. Italian and German consumers were concerned about the shelf-life of reformulated meat 
products, hence the preservative properties of natural extracts were questioned. A majority 
of consumers worried about the reformulated meat products’ prices, as the production costs 
were expected to increase. Lastly, consumers emphasized that labelling of these products 
must be clear, sufficiently understandable and trustworthy.  
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5.4 Discussion and conclusion 
5.4.1 Healthiness and safety of meat products 
This study has explored consumers’ and stakeholders’ reactions towards nitrite replacement 
by phytochemical addition in processed meat products. The findings indicate that both 
stakeholders and consumers regarded the healthiness and safety of meat products as very 
important. Generally, stakeholders’ reactions were in line with their fields of expertise. 
Consumers’ reactions varied across countries and individuals, exhibiting different levels of 
knowledge and familiarity, as in the study of van Kleef et al. (2006). It should be noted that 
stakeholders’ and/or consumers’ views in this study were not compared nor counteracted by 
facts during the focus groups. The results are only based on their opinions but may not 
necessarily reflect scientifically substantiated information. Consumers’ comments and 
reactions suggested that their reserved attitudes towards meat were not directly related to 
nitrite, but rather the result of some major meat safety issues during the past decade, which 
was also mentioned by stakeholders. Some stakeholders questioned why nitrite was 
subjected to possible reduction instead of heme iron, as the latter was believed to pose 
more potential threats to cancer risk. A potential explanation was the high incidence rate of 
iron deficiency in Europe, while reducing or blocking heme iron in meat products would 
possibly make menstruating and pregnant women more vulnerable to iron deficiency 
(Corpet, 2011).    
Although it was not explicitly said, several reactions and comments showed that 
stakeholders found the improvement of the health image of meat products deserving the 
highest priority. By contrast, consumers were more concerned about the actual healthiness 
of meat products and worried that reformulated meat products would be a marketing 
gimmick instead of a real quality improvement. Nevertheless, consumers expressed trust in 
European food quality control mechanisms and found the government to be responsible for 
the healthiness of food (as seen also in Van Wezemael et al. (2010)), which was also agreed 
by the stakeholders. Both stakeholders and consumers supposed that consumers should 
only be partially responsible in ensuring food healthiness. Consumers’ role was seen as 
‘information search’ to increase awareness and ‘providing feedback’, as it has been 
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perceived that consumers generally have very little control over what they would be 
exposed to, e.g. the amount of nitrite added by meat producers (van Kleef et al., 2006). 
5.4.2 Acceptance of nitrite replacement by phytochemicals  
The idea of nitrite replacement by phytochemical addition received generally high 
acceptance by both stakeholders and consumers, albeit for very different reasons. For 
stakeholders, the acceptance was related to the possible improved health image of 
processed meat products, and driven by justification from the perspective of corporate 
social responsibility. For consumers, the acceptance of this concept was mainly based on the 
belief that replacement of the chemical additive nitrite by phytochemicals could enhance 
the perceived naturalness, as food additive use was an important issue of concern and 
perceived by consumers as an excessive manipulation of meat products which consumers 
tend to reject (de Barcellos et al., 2010). Moreover, consumers were familiar with most of 
the natural sources of phytochemicals and perceived them as healthy, in contrast to the 
unfamiliar food additive nitrite with an unhealthy image. Consumers would thus tend to 
accept the possible risk or uncertainties posed by nitrite replacement (Sjöberg, 1998). Lastly, 
when chemical additives in food have become a recognized problem among consumers, the 
replacement could serve as a solution (Haugaard et al., 2014). This acceptance suggested 
that marketing reformulated meat products could possibly benefit meat industries and it 
might overcome the expressed difficulty about the negative consumer perception of meat 
healthiness.  
Consumers were generally open-minded regarding the natural sources of phytochemicals. 
The importance of familiarity, naturalness and a perceived fit between ingredients and 
carrier products has also emerged from previous studies (Verbeke, Scholderer, & 
Lähteenmäki, 2009; Lähteenmaki, 2013). Other determinants of acceptance were taste, 
appearance (colour) and the origin of phytochemicals. Taste remains the most important 
attribute shaping consumers’ evaluation of food products as also reported in previous 
studies (e.g. Grunert, Bredahl, & Brunsø, 2004; Verbeke, 2006; Haugaard et al., 2014). Also 
with respect to the concept of the reformulated meat products discussed in this study, 
consumers were found to be unlikely to compromise on taste. 
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While stakeholders were worried about the colour development of nitrite-free meat 
products, consumers showed relatively less concern about the colour and appearance of the 
reformulated meat products. However, it should be noted that consumers did not have any 
visual assessment of meat products in this study. Previous studies have shown that 
consumers’ expectations of meat quality are strongly related to the product’s appearance 
(Verbeke, De Smet, Vackier, Van Oeckel, Warnants & Van Kenhove, 2005; Haugaard et al., 
2014). Therefore, meat producers should avoid producing meat products with an 
appearance unfamiliar to consumers, and they seemed to be well aware of this potential 
risk. 
Phytochemicals from plant origin and with a perceived match with meat were generally well 
accepted by consumers. However, less familiar ingredients such as tea or coffee extracts, 
and especially insect-derived ingredients were mostly disliked. The latter corroborates with 
Western consumers’ reluctance to adopt insects or insect-based products in their diet 
(Verbeke, 2015). Overall, compared to stakeholders, consumers appeared to be more 
uncertain about what makes processed meat products truly healthier due to their lack of 
knowledge about ingredients, meat processing, nutrition and health. 
5.4.3 Implications for future communication and product development 
Both stakeholders and consumers stressed the importance of effective communication. With 
regards to labelling, E-numbers have been largely maligned and misunderstood by 
consumers (Emerton & Choi, 2008), which might explain why stakeholders emphasised on 
the unfavourableness of using E-numbers and consumers expressed negative attitudes 
towards food products with E-numbers. However, attention to information cues on meat 
labels in general cannot be taken for granted (Verbeke & Ward, 2006), and a recent 
experimental study showed that consumers did not pay attention to E-numbers as much as 
in self-reported evaluations while judging food products (Cheung, Junghans, Dijsterhuis, 
Kroese, Johansson, Hall & De Ridder, 2015). Therefore, future communication should focus 
on improving consumers’ understanding about food labelling in general, and E-numbers in 
specific, instead of merely encouraging product reformulation aiming at reducing E-
numbers. Furthermore, although stakeholders referred to health claims as an important 
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added value for promoting the health image of meat products, a cross-European study 
suggested that European consumers reported only a moderate level of motivation to 
process health claims (Hung et al., 2017) (Chapter 3). Hence, it is seemingly more worthwhile 
for the meat industries to invest in marketing communications that highlight the benefits of 
the reformulated meat products rather than devoting to substantiate health claims. 
Nonetheless, stakeholders found mass media not an ideal way to communicate to the 
public, as it could lead to polarization and create negative images by focusing on negative 
information related to nitrite, as reported also in Verbeke, Frewer, Scholderer and De 
Brabander (2007). Although mass media were not considered as a trustworthy source of 
information, it remains the primary information source for many consumers (Verbeke, 
2005), and as such consumers did not express concerns about news related to the 
reformulated meat products being spread through mass media. Stakeholders suggest that 
the communication of nitrite reduction should be first to the relevant stakeholders and 
opinion leaders, instead of to consumers directly. This is a very different communication 
approach than for salt reduction, as nitrite is in general unfamiliar to consumers. Besides, 
nitrite reduction is an industry initiative, in which consumers do not have direct control over 
the amount of nitrite used in the products, except through their demand in a long run. While 
for salt reduction, consumers can have more involvement such as reduced use of salt in 
cooking or table salt. Besides, consumers preferred information provided by actors that 
share similar interests or values as them (e.g. Ministry of Health, consumer organization, 
insurance company, etc.) over economic operators, which corroborates previous findings 
(Pieniak, Verbeke, Scholderer, Brunsø & Olsen, 2007). As proposed by van Kleef et al. (2006), 
the primary reasons for distrust are economic or vested interests and motives. In line with 
the findings of Verbeke et al. (2007), consumers were keener to receive negative 
information such as the link between processed meat intake and cancer risks rather than 
positive information, e.g. referring to possible protective effects of phytochemicals. While 
consumers have expressed the feeling of information overload, an effective communication 
would require a careful understanding and targeting of their information needs and 
specificities (Pieniak, Verbeke, Perez-Cueto, Brunsø & De Henauw, 2008). It was rather 
surprising that retailers were only suggested to handle consumers’ enquiries, comments or 
complaints, in spite of their critical role in the innovation, in which their demand and 
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expectations can be a major barrier in innovation. Given the stakeholder emphasis on 
uniformity of communication, cooperation between all relevant sectors should be 
encouraged, enabling the dissemination of consistent messages to avoid consumer 
confusion. Information could evoke different effects on consumers’ willingness to pay for 
meat products (Aoki et al. 2010), and conflicting messages would impede consumers from 
assessing meat healthiness accurately and further affect their purchase intention.  
The insights obtained in this study are promising and open up opportunities to encourage 
the development and production of reformulated meat products with nitrite replaced by 
phytochemicals, which could possibly improve the health image of processed meat products 
and facilitate the achievement of public health goals. However, consumers’ interests in food 
products in general and reformulated meat products in specific extend beyond the potential 
health benefits provided by the product. Taste, safety, price, production, processing and 
other characteristics equally matter in shaping intentions, purchase and consumption. 
Quantitative conclusive studies are thus warranted to quantify consumers’ attitudes, 
perceptions, beliefs and knowledge, and to assess their purchase and consumption 
intentions towards these reformulated meat products. Such insight will be indispensable in 
order to identify possible strategies to recover the extra cost for research, development and 
production of these reformulated meat products, as well as to generate guidelines on 
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This study investigates consumer attitude and purchase intention towards processed meat 
products with added natural compounds and a reduced level of nitrite. The rationale for 
such innovation relates to nitrite’s negative health image as a chemical additive among 
consumers, versus the perception of compounds from fruits and vegetables as being natural 
and healthy. Cross-sectional data were collected through online questionnaires on 
knowledge about, interest in, attitude and intentions towards such reformulated processed 
meat products in Belgium, The Netherlands, Italy and Germany (n=2057). Consumers 
generally had limited knowledge about nitrite being added to meat products. Yet, they 
expressed favourable attitudes and purchase intentions towards the reformulated meat 
products. Purchase intention associated positively with: attitude; preference for natural over 
chemical additives; perceived harmfulness of chemical additives; risk importance; domain 
specific innovativeness; awareness of nitrite added; education; general health interest; and 
processed meat consumption frequency. Consumers from Italy and Germany had a lower 
level of purchase intention compared to Belgium. Four consumer segments were identified 
based on attitude and purchase intention: ‘Enthusiasts’ (39.3% of the sample), ‘Accepters’ 
(11.9%), ‘Half-hearted’ (42.3%) and ‘Uninterested’ (6.5%). This study provides valuable 
insight for further product development and effective tailoring of marketing communication 
strategies of reformulated meat products. 





Alongside consecutive waves of safety scares, sustainability and adulteration issues affecting 
meat and the meat industry in general (Verbeke et al., 2010; Barnett et al., 2016), the recent 
debates about the health consequences of processed meat products have made meat 
production and consumption particularly controversial. However, owing to the trend of 
increased consumer demand for convenience, processed meat products remain important in 
the human diet despite these negative publicities (Grunert, 2006). As food healthiness is a 
key attribute influencing consumers’ acceptance and food choice (Kraus, 2015), the 
development of improved meat processing techniques based on scientific knowledge is 
topical and offering potential benefits for both public health and processed meat marketing. 
The concept of adding natural compounds to processed meat products and reducing nitrite 
levels can be a promising solution to improve both the actual healthiness and the health 
image of processed meat products. 
The qualitative study in Chapter 5 has explored initial reactions towards the reformulated 
meat products among European stakeholders and consumers through focus group 
discussions (Hung, Verbeke & de Kok, 2016). Although it was demonstrated that consumer 
reactions on nitrite replacement with phytochemicals were mostly positive, numerous 
challenges in market positioning and communication were identified. Yet, acceptance cannot 
be taken for granted as consumers often express uncertainty about the health impact of 
reformulated meat products (De Barcellos et al., 2010; Verbeke et al., 2015), which could be 
due to the different perceptions regarding the derived health benefits (Chen, Anders & An, 
2013). Consumer perception, which refers to the process of selecting, organizing and 
interpreting information related to the reformulated meat products in order to form a 
meaningful picture (Kotler, Harris, Armstrong & Piercy, 2013), plays an important role in 
shaping consumer acceptance, purchase and consumption, and industry competitiveness by 
extension (Grunert et al., 2011). A lack of understanding of consumer acceptance and its 
determinants could lead to market failure of innovative food products. Therefore, this study 
focuses on consumers’ attitude and purchase intention towards the concept of processed 
meat products wherein natural compounds are used and the level of nitrite is reduced. 
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6.2 Theoretical background 
This study was developed based on the theoretical framework inspired by the knowledge-
attitude-behaviour (KAB) model (Bettinghaus, 1986). The production and promotion of 
reformulated meat products aim to create a supportive environment for consumers who are 
interested in potentially healthier meat choices, yet the resulting behaviours are largely 
influenced by individual-related and product-related factors. As described in the KAB Model, 
prior knowledge is a logical prerequisite to intentionally perform health-related behaviours; 
and attitude is the main predictor for most variability in dietary behaviours (Povey, et al., 
1999). As a part of the dual processing hierarchy-of-effects model (Grunert, 2016), 
consumers’ involvement is studied. It has been acknowledged that a low involvement nature 
is predominant in food environment today, thus decisions as such are likely to follow the 
peripheral route (Verbeke, 2008), prior to the formation of attitude. Many consumer 
decision models have set out possible pathways from consumer decision to the actual 
behaviours (e.g. Blackwell et al., 2001). Purchase intention (Chapter 6) and willingness to pay 
(Chapter 7) are described as the direct antecedent to human consumption, which is the 
behavioural outcome. Based on the KAB model, the present study focuses on awareness, 
knowledge, attitudes, and personal psychological and socio-demographic characteristics as 
possible determinants of purchase intention of the reformulated meat products. 
When consumers are aware or have knowledge about the use of nitrite in meats and 
perceive negative health impacts to be associated with diets high in processed meat 
products containing nitrite, they may tend to make a more rational decision such as opting 
for healthier meat products (Wilcock et al., 2004; Ajzen, 2005). Rational decision in this case 
refers the consumers’ choice of reformulated meat products with less nitrite, when they 
have the knowledge of potential harmful health effect of nitrite. We hypothesize that 
consumers who are aware and have knowledge about nitrite in meats show more interest in 
the reformulated meat products. 
Attitude reveals the psychological tendency of consumers’ liking or disliking of the 
reformulated meat products across an evaluative range. Attitudes towards an object could 




influence the related information processing, judgements and resulting behaviour. Negative 
or more extreme attitudes could be more impactful or durable compared to positive or 
neutral attitudes (Petty & Krosnick, 2014). As purchase intention and actual purchase 
behaviour are clearly correlated (Van Lange, Kruglanski, & Higgins, 2011), it is expected that 
consumers with more favourable attitudes and purchase intention would be more likely to 
accept, purchase and consume these reformulated meat products.  
In addition to attitudes towards the reformulated meat products, a wide range of other 
psychological characteristics have been shown to influence consumers’ purchase intention 
towards reformulated, functional or processed meat products. Attitudes towards meat 
products with chemical additives are relevant, as consumers are increasingly concerned 
about chemical food additives (Shim et al., 2011) and perceive food additives of natural 
origin as being safer (Koyratty et al., 2014). Consumers who prefer natural over chemical 
additives in meats or perceive chemical additives as harmful might favour the concept of 
reformulated meat products, as the chemical additive nitrite is partially replaced by natural 
compounds. 
Involvement is another important characteristic shaping consumer response to food 
products. It reflects the perceived personal interest or importance evoked by certain 
products, e.g. processed meats in relation to consumers’ enduring or situation-specific goals 
(Mitchell, 1979), which helps to understand and explain how consumers make decisions 
towards meat products (Verbeke & Vackier, 2004). Four facets of involvement in meat 
products have been proposed in literature: (1) Pleasure value refers to the factor 
encompassing how important meat is to a person and how much feelings of pleasure it can 
provoke; (2) Symbolic value indicates how much meat is related to the expression of the 
individual’s self-concept; (3) Risk importance refers to how important the possible negative 
consequences of a poor choice of meat are perceived; (4) Risk probability denotes the 
perceived likelihood of making a wrong choice of meat (Laurent & Kapferer 1985; Verbeke & 
Vackier, 2004). 
As the reformulated meat products result from innovation with a possible impact on 
healthiness or health image, domain specific innovativeness (DSI) and general health interest 
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(GHI) are two more personal psychological characteristics that may shape purchase 
intention. Domain specific innovativeness shows consumers’ tendency to try a new or 
unfamiliar food product (Goldsmith & Hofacker, 1991). Consumers generally express a 
certain level of resistance to adopting new or unfamiliar food products (De Barcellos et al., 
2009; Verbeke, 2015). As the reformulated meat products are currently not common in the 
market, consumers with a higher DSI may be more prompted to purchase and try these 
products. General health interest refers to consumers’ orientations towards the healthiness 
of food and dieting behaviour (Roininen, Lähteenmäki & Tuorila, 1999). Consumers with a 
higher level of GHI tend to believe more that health promoting behaviour is important 
(Wardle & Steptoe, 1991), and make healthier food choices (Pohjanheimo, Luomala & 
Tahvonena, 2010). Since consumers tend to view more natural meats as healthier meats 
(Verbeke et al., 2010), consumers with a higher level of GHI may be more interested in the 
reformulated meat products. 
This study serves as a quantitative follow-up study to the exploratory study in Chapter 5 with 
a threefold objective. First, to explore consumers’ current knowledge and perception about 
nitrite and processed meat products. Second, to investigate consumer attitude and purchase 
intention for this type of reformulated processed meat products, as well as to elucidate how 
purchase intention is associated with various personal characteristics. Third, to identify 
market segments based on different consumer interests, and to profile these segments in 
terms of personal characteristics. Along with the aforementioned psychological 
characteristics, a series of socio-demographic characteristics such as age, gender, 
educational level and country of residence were assessed.  




6.3 Materials and methods 
6.3.1 Study design and sampling 
Data were collected in December 2014 through a cross-sectional quantitative online survey 
with samples representative for age, gender and region in four European countries: Belgium 
(BE, n=532), The Netherlands (NL, n=501), Italy (IT, n=502) and Germany (DE, n=522). These 
countries were selected based on the importance of processed meat products in the 
country’s national diets and their consumption levels. The final sample included 2057 
participants aged between 18 and 75 years with an even distribution of gender. All 
participants consumed any of the processed meat products (i.e. cooked ham, dry cured ham, 
cooked sausage and salami-type sausage) at least one to five times every 6 months. Table 
6.1 summarises the socio-demographic profile of the sample and Table 6.2 provides an 
overview of the consumption frequency of processed meat products. 
Table 6.1. Sample characteristics (% of respondents or Mean ± SD, n = 2057) 
    
Percentage of 
sample 
Country (%) Belgium 25.9 
 The Netherlands 24.3 
 Italy 24.4 
 Germany 25.4 
   
Gender (%) Male 49.8 
  Female 50.2 
      
Age (%) 18-24 years 8.9 
  25-34 years 18.3 
  35-44 years 18.4 
  45-54 years 21.4 
  ≥55 years 33.0 
  Mean ± SD (years) 45.5 ± 14.3 
  
  Education (%) Below Bachelor’s degree 65.3 
  Bachelor’s degree or above 34.7 
      
BMI (%) Underweight 3.8 
 Normal weight 50.2 
 Overweight 31.8 
 Obese 14.2 
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Table 6.2. Consumption frequency of processed meat products (portion size: maximum 100 grams 





Cooked ham Dry cured ham 
Less than once a month 27.5 21.1 12.2 25.8 
At least once a month 31.9 28.1 26.1 25.7 
At least once a week 35.2 41.7 52.6 41.8 
At least once in two days 5.4 9.1 9.1 6.7 
Prior to the data collection, this study was granted ethics approval (Ref. No. 
B670201422567) by the Belgian Ethics Committee of the Ghent University Hospital. 
Participants were informed that their participation was entirely voluntary and their data 
would be handled with confidentiality in accordance with applicable national and European 
data privacy laws. 
6.3.2 Questionnaire and scaling 
Unless otherwise specified, all the items mentioned below were measured on a five-point 
Likert scale ranging from ‘strongly disagree’ (=1) to ‘strongly agree’ (=5). Consumer attitudes 
towards meat products with natural versus chemical additives consisted of two distinct 
factors: (1) Preference for natural over chemical additives in food including meat (five items, 
e.g. ‘Replacing chemical food additives with green tea extract makes meat products 
healthier’) and (2) Perceived harmfulness of chemical additives (three items, e.g. ‘Meat 
products containing chemical food additives are harmful to human health’).  
Involvement in meat products was measured based on four factors: (1) Pleasure value (six 
items, e.g. ‘Meat is very important to me’), (2) Symbolic value (three items, e.g. ‘My choice 
of meat gives other people an image of me’), (3) Risk importance (three items, e.g. ‘I would 
find a bad choice of meat terrible’) and (4) Risk probability (two items, e.g. ‘I never know if I 
make the right choice of meat’) (Kapferer & Laurent, 1993; Verbeke & Vackier, 2004). 
Attitudes towards innovation in food were measured by six items of the domain specific 
innovativeness scale (DSI-scale) (e.g. ‘I buy new foods before other people do’) (Goldsmith & 
Hofacker, 1991). General health interest was measured by seven items (e.g. ‘The healthiness 
of food has little impact on my food choices’) (Roininen, Lähteenmäki & Tuorila, 1999).  




Next, participants were asked whether they have heard of nitrite added in processed meat 
product to probe their awareness. If ‘no’ was indicated, they immediately received the 
following information including a definition of nitrite: ‘Nitrate is naturally present in 
vegetables and drinking water. The human body can convert nitrate into nitrite. Nitrite is 
widely used as a food additive in the production of meat products and cheese for better 
preservation. It preserves the desirable colour and positively influences the taste of meat 
product, and prevents the growth of harmful pathogens. Thus, the use of nitrite in certain 
food products is sometimes necessary to ensure food safety specifications (Council of 
Europe, 1993)’. If participants indicated ‘yes’ to the question whether they have heard of 
nitrite added in processed meat product, they were directed to a series of questions probing 
their objective knowledge about the purposes of adding nitrite into meat before receiving 
the definition of nitrite. A list of six statements about the purpose of nitrite use in meat was 
presented to the participants, which consisted of four correct statements (e.g. ‘Nitrite is 
used to inhibit microbial growth’) and two false statements (e.g. ‘Nitrite is used to increase 
the protein content of meat’). Participants were asked to indicate ‘yes’, ‘no’ or ‘I don’t 
know’. The number of correct answers was used to evaluate the level of their objective 
knowledge about the purposes of adding nitrite to meat products.  
Perception about the related impacts and regulations of nitrite in meat was assessed by 
three items (e.g. ‘Intake of processed meats containing nitrite is safe if it is consumed within 
acceptable daily intake’), derived from a modification of the original questions used in 
Koyratty et al. (2014) and Shim et al. (2011). Perception of health outcomes from consuming 
processed meats was measured by asking participants on the extent they believe that diets 
high in processed meat products (i.e. more than 25g/day) contribute to certain positive or 
negative health outcomes (eight outcomes were presented, e.g. coronary heart disease) on 
a five-point scale, ranging from ‘not at all believe’ (=1) to ‘totally believe’ (=5). 
Participants were then introduced to the concept of reformulated meat products with the 
following information text: ‘Imagine there are some new meat products, in which natural 
compounds originating from fruits and vegetables (henceforth, named ‘natural compounds’) 
are added. In this way, the food additive nitrite can be partially replaced. Please answer the 
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following questions based on the new meat products’. Following the exposure to this text, 
consumers’ attitude towards the reformulated meat products was measured by asking their 
extent of (dis)agreement with the statement: ‘New processed meat products with natural 
compounds and a reduced level of nitrite are healthy / of high quality / safe / nutritious / 
tasty’. The statement: ‘Please answer the following question(s) based on the assumption 
that these reformulated meat products with natural compounds and a reduced level of 
nitrite have the same taste, texture, shelf-life and safety as the conventional meat products 
with added nitrite’ then appeared, and purchase intention towards the reformulated meat 
products was measured by means of three items (e.g. ‘I plan to try these new meat products 
with natural extracts instead of nitrite in the future’) (modified from Olsen et al., 2013; 
Warshaw & Davis, 1985). The complete list of scales and items used in this studied is 
provided in Appendix 6.A. Socio-demographics were assessed at the end of the survey.   
6.3.3 Statistical analyses 
Data were analysed with SPSS Statistics 22.0. Friedman non-parametric tests with Dunn-
Bonferroni post hoc method were performed on the data relating to knowledge and 
perception about nitrite and processed meat products, wherein the responses from the 
same participants were compared. One-sample Wilcoxon signed rank tests were performed 
to test if the medians were significantly different from the neutral point (i.e. response 
category ‘3’; neither agree nor disagree; neither believe nor not believe). Factor analysis was 
performed to determine the relationships among items measuring the constructs and 
Cronbach’s alpha coefficients were computed to assess the internal consistency of the scales 
(Appendix 6.A). 
Multivariate regression analysis was performed to estimate the effects of consumers’ 
personal characteristics on purchase intention. Some of the explanatory variables were 
interval-scaled and coded as numerical variables. These variables were computed based on 
constructs including several items; the large number of categories in the computed construct 
scores made the level of measurement of these variables continuous in essence (Harrell, 
2015). While the dependent variable was measured on a 5-point Likert scale, which might be 
considered as a measurement level in between ordinal and interval depending on the 




assumption of equally-spaced intervals between response categories, both an ordinal 
regression model (PLUM) and a linear regression model (GLM) were estimated. PLUM took 
into account the ordinal nature of variables while assuming there was a latent continuous 
structure (Norušis, 2012). Although PLUM yielded similar results as GLM in terms of variable 
selection and ranking of estimate importance, the GLM are reported in this study due to the 
violation of some assumptions for using PLUM (i.e. large numbers of observed cells with zero 
frequencies and disproportional odds). In the reported GLM, the robust bootstrap method 
was applied to account for issues of non-normality and heteroscedasticity. Similar analysis 
procedures have frequently been used in other consumer studies (e.g. Bartels & Urminsky, 
2015). As the country variable had four groups (i.e. Belgium, The Netherlands, Italy and 
Germany), Belgium was set as the baseline category, while the other three countries were 
coded as dummy variables one at a time. Processed meat consumption frequency had three 
groups (i.e. high, medium and low). Low processed meat consumption frequency was set as 
the baseline category while the others were coded as dummy variables.  
Lastly, segmentation based on consumers’ attitude and purchase intention towards the 
reformulated meat products was done through cluster analysis. In order to meaningfully 
define the segment profiles, Kruskal-Wallis tests and Pearson’s Chi-Square tests were 
performed to examine associations with various psychological and demographic 
characteristics. Effect sizes (partial eta-squared, ηp²) were computed to supplement the 
statistical interpretation. Due to the large sample size, even very small effects might be 
significant. Hence, only the characteristics with at least an effect size of 0.06 (ηp² > 0.06) 
were considered as empirically relevant and meaningful for profiling segments. 
  




6.4.1 Knowledge and perception about nitrite and processed meat products 
Almost half of the participants (45.1%, n = 928) had never heard of nitrite being added to 
processed meat products before the survey. Among the 54.9% (n = 1129) who had heard of 
it, about two thirds (62.3%, n = 703) responded correctly to four or more knowledge items; 
only 5.6% (n = 63) did not know or gave incorrect answers to all questions. The majority 
knew that nitrite is added to processed meat products for prolonging the shelf-life and 
improving the colour of meat, but not for creating an addiction towards or increasing the 
protein content of meat (in descending order in number of participants who answered 
correctly) (Figure 6.1).  
 
Figure 6.1. Percentage of correct, wrong, and don’t know answers on objective knowledge items 
about the purposes of adding nitrite to processed meat products (n = 1129) 
 
*False statements (i.e. ‘No’ is the correct answer to these statements); The letters a – d indicate 
significantly different distributions at the 0.05 level 
 
After being exposed to the definition of nitrite, consumers’ perception about nitrite and 
meat products was explored. Participants tended to agree that the consumption of 
processed meat products with nitrite is safe as long as it stays within the acceptable daily 
intake, and generally disagreed that there is no regulation on the safe use of nitrite and that 
it is not mandatory to label the use of nitrite use in meats (Figure 6.2).  





Figure 6.2. Perception of the impact and regulation of nitrite in processed meat products (n = 2057) 
The superscripts a - c indicate significantly different levels of agreement at the 0.05 level; the asterisks 
(*) indicate that the median is significantly different from 3 (the neutral point: neither agree nor 
disagree) at the 0.05 level 
Consumers believed that diets high in processed meat products (i.e. > 25g per day) could 
have certain favourable or unfavourable impacts, especially in terms of contributing to 
protein intake, and to the development of coronary heart disease and colon cancer (Figure 
6.3). 
 
Figure 6.3. Belief in the impacts of diets high in processed meat products (n = 2057) 
The superscripts a - e indicate significantly different levels of belief at the 0.05 level; The asterisks (*) 
indicate that the median is significantly different from 3 (the neutral point: neither believe nor not 
believe) at the 0.05 level  
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6.4.2 Attitude and purchase intention towards the reformulated meat products 
Consumers’ attitude and purchase intention towards the reformulated meat products were 
generally favourable (median = 3.67 and median = 3.40 on scales ranging from one to five, 
respectively); and both constructs were significantly and positively correlated (Spearman's 
rho = 0.486, p-value <0.001). A GLM was estimated to explain the relationship between 
purchase intention towards the reformulated meat products and consumers’ characteristics. 
The resulting model accounted for 32.2% of the variance in the reported purchase intention 
(Table 6.3). 
Table 6.3. Determinants of purchase intention of the reformulated meat products; GLM regression 
results 
Variables entered b SE β BCa 95% CI 
    Lower Upper 
Attitude towards the reformulated meat products  0.43** 0.03 0.39 0.37 0.49 
Italy -0.23** 0.04 -0.13 -0.32 -0.16 
Germany -0.22** 0.04 -0.12 -0.30 -0.15 
Preference for natural over chemical additives in food 
including meat 
0.18** 0.03 0.14 0.12 0.25 
Perceived harmfulness of chemical additives 0.12* 0.03 0.11 0.07 0.18 
Risk importance 0.11** 0.02 0.11 0.06 0.15 
Attitude towards innovation in food (DSI score) 0.10** 0.03 0.09 0.05 0.16 
Awareness of nitrite added in processed meat products 0.10* 0.03 0.06 0.04 0.15 
General health interest 0.07* 0.02 0.06 0.02 0.11 
Medium processed meat consumption frequency 0.10* 0.04 0.06 0.04 0.17 
High processed meat consumption frequency 0.09* 0.04 0.05 0.02 0.16 
Education level (Bachelor’s degree or above) 0.07* 0.03 0.04 0.01 0.13 
** p ≤ 0.001; **p < 0.05 based on robust method with 1000 bootstrap samples  
b: unstandardized coefficient estimate; SE: standard error; β: standardized coefficient estimate; BCa 95% CI: 
bootstrapped 95% confidence-interval based on bias-corrected and accelerated method 
Model goodness-of-fit: R²adj = 32.2% 
  




Attitude towards the reformulated meat products was the main driver for consumers' 
purchase intention. Consumers who had a more positive attitude reported a stronger 
purchase intention. The standardized regression coefficient estimate (β) indicates that the 
effect of attitude was about three times greater than the effect of the second important 
factor (being a consumer from Italy, which lowered purchase intention) in the model. Other 
consumer characteristics having positive effects on purchase intention were: higher levels of 
preference for natural over chemical additives in food, perceived harmfulness of chemical 
additives, risk importance, attitude towards innovation in food (DSI score), awareness of 
nitrite added in processed meat products, general health interest, processed meat 
consumption frequency and education level (in decreasing order of importance). Compared 
to consumers in Belgium, consumers from Italy and German reported a lower level of 
purchase intention.  
6.4.3 Market segmentation 
Market segmentation was performed based on the two criteria: attitude and purchase 
intention towards the reformulated meat products. A four-cluster solution was determined 
as the optimal number of segments. Segment 1 ‘Enthusiasts’ accounted for 39.3% of the 
sample and included consumers who reported the highest levels for attitude and purchase 
intention. Segment 2 ‘Accepters’ included 11.8% of the sample, in which the participants had 
a strongly positive attitude but moderate level of purchase intention. Segment 3 ‘Half-
hearted’ (42.3% of the sample) included participants who had moderate levels of attitude 
and purchase intention. Segment 4 ‘Uninterested’ (6.5% of the sample) referred to 
consumers with low levels of attitude and purchase intention. Figure 6.4 illustrates the 
positions of these four segments based on the segments’ median values for attitude and 
purchase intention. 




Figure 6.4. Positioning of the four segments based on their median values for attitude and purchase 
intention towards the reformulated meat products 
Moving along the groups from ‘Uninterested’ to ‘Half-hearted’, then to ‘Accepters’ and to 
‘Enthusiasts’ indicates an increase in consumer interest in the reformulated meat products. 
Based on the segment profiles, consumer interest was higher among participants with a 
higher level of preference for natural over chemical additives in food including meat, and 
more positive attitudes towards the consumption of the reformulated meat products. 
Consumers who were aware of nitrite being added to processed meats were mostly in the 
segments with higher interest in the reformulated meat products (i.e. ‘Enthusiasts’ vs. 
‘Uninterested’). In terms of socio-demographic characteristics, ‘Enthusiasts’ were 
underrepresented by participants from Germany, while predominantly females, having 
obtained an education level of Bachelor’s degree or higher and had a relatively positive 
perceived financial situation (i.e. with the largest proportion of ‘manage quite well’). The 
majority of ‘Accepters’ was accounted for by participants from Germany and the 
Netherlands, and the least from Italy. The segment ‘Half-hearted’ had a proportional 
distribution similar to the socio-demographic characteristics of the overall sample. The 
segment ‘Uninterested’ was characterized by an overrepresentation of participants from 
Italy and underrepresentation of participants from Belgium, as well as by more participants 
with normal weight and less with obesity, and who had obtained an education level below 
Bachelor’s degree (Table 6.4). 




Table 6.4. Segment profiles in terms of attitudinal characteristics, awareness, and socio-demographic 
characteristics (median or % of respondents, n = 2057) 
Segment size: n (% of sample) 
Enthusiasts Accepters Half-hearted Uninterested 
808 (39.3) 244 (11.8) 871 (42.3) 134 (6.6) 
Attitudinal characteristics 
Preference for natural over chemical 
additives in food 
3.60b 3.20a 3.20a 3.00a 
     
Attitudes towards consumption of the 
reformulated meat products 
4.00d 4.00c 3.00b 2.63a 
     
Awareness (of nitrite added in processed meat products) 
 Yes 61.3b(2)  54.9a,b  50.3a(1)  46.3a(1)  
 No 38.7a(1) 45.1a,b 49.7b(2) 53.7b(2) 
      
Socio-demographic characteristics 
Country Belgium 28.2b(2)(3) 23.0a,b(1)(2) 26.3b 14.2a(1) 
 The Netherlands 23.4(1)(2)(3) 28.6(2) 25.1 17.2(1)(2) 
 Italy 26.4a(3) 14.8a(1) 23.0a 39.6b(3) 
 Germany 22.0a(1) 33.6b(2) 25.6a,b 29.0a,b(2)(3) 
     
Gender Male 46.9(1) 55.3 51.7 44.8 
 Female 53.1(2) 44.7 48.3 55.2 
     
Body Mass 
Index (BMI) 
Underweight 5.0 1.9 3.1 4.3(1)(2) 
Normal weight 51.4a,b 51.4a,b 47.1a 61.5b(2) 
Overweight 30.1 31.0 34.3 27.4(1)(2) 
Obese 13.5 15.7 15.5 6.8(1) 
     
Education Below Bachelor’s degree 60.6a(1)  68.0a,b  67.5b  73.9b(2) 
 Bachelor’s degree or above 39.4b(2) 32.0a,b 32.5a 26.1a(1) 




Severe financial difficulties 3.8(1)(2) 4.2 4.6 5.4 
Some financial difficulties 18.1(1)(2) 17.3 21.7 21.0 
Get by alright 32.6(1) 37.6 37.4 27.9 
Manage quite well 34.0b(2) 27.8a,b 26.6a 28.7a,b 
 Manage very well 11.5(1)(2) 13.1 9.7 17.1 
The superscripts a – c indicate significantly different levels or proportions across the four segments (across rows) 
at the 0.05 level in ascending order; (1) – (3) denotes significantly different proportional distribution of the groups 
among a variable within the segment (across columns) at the 0.05 level in ascending order 
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6.5 Discussion and conclusions 
6.5.1 Consumer knowledge, attitude and purchase intention  
This study sought to investigate consumers’ attitude and purchase intention for 
reformulated meat products with natural compounds and a reduced level of nitrite, in 
relation to their current knowledge and perception about nitrite and processed meat 
products. The results support insights from the preliminary study in Chapter 5 that although 
consumers had limited knowledge about nitrite, they expressed a favourable attitude 
towards and relatively strong interest in the reformulated meat products. 
There have not been any studies on consumers’ knowledge and perception specifically about 
nitrite but a few studies focused on food additives in meats in general. Haugaard et al. 
(2014) reported that consumers felt very uncertain about their knowledge concerning food 
preservation techniques in general and showed a distaste for the use of chemical additives in 
meat products. Consumers were likely to relate chemical food additives with food 
adulteration and health risks (Emerton, 2008; Dickson-Spillmann, Siegrist & Keller, 2011). In 
this study, even without mentioning the use of nitrite or other food additives, consumers 
tended to relate diets high in processed meat products with negative health impacts. Similar 
findings were previously reported by Tobin et al. (2014). Colon cancer was one of the 
negative health impacts perceived, which could be due to the messages that consumers 
have received from various information sources (e.g. Shim et al., 2011), which state the 
association between processed meat consumption and increased colorectal cancer risk as 
reported by international public health organizations. The lack of knowledge about nitrite 
and a negative perception about its use in processed meat products may be underlying 
reasons for the recent trend of consumers’ preference for more natural meat products 
(Sebranek & Bacus, 2007; Verbeke et al., 2010). Favourable consumers’ attitudes and 
purchase intention may be explained by the reformulated meats’ contribution to the notion 
of naturalness as these products embrace the idea of adding natural compounds originating 
from fruits and vegetables and reducing the food additive nitrite.  




The results from regression analysis have indicated that specific consumers’ characteristics 
are significant for determining purchase intention of the reformulated meat products. The 
effects of attitudinal characteristics are in accordance with expectations. Attitude towards 
the reformulated meat products was the most important determinant for purchase 
intention. Consumers often link naturalness of meat products with positive attributes of 
meat products such as healthiness (Sebranek & Bacus, 2007). In terms of socio-demographic 
characteristics, country of residence seems to play an important role. Country-wise 
differences may result from, for example, differences in the market environment and 
consumer’s experience with the product category. Although the data do not allow for testing 
the role of different factors in explaining country-wise differences, the fact that the concept 
of reformulated meat products was not equally welcomed across countries calls for a 
targeted rather than generic approach in future marketing strategies. In general, lower levels 
of purchase intention for the reformulated meat products were found in Italy and Germany 
in comparison with Belgium. A possible reason could be that processed meats have been 
classified as traditional food products in Italy and Germany, especially for dry cured ham and 
cooked sausage respectively. From consumers’ point of view, application of innovations may 
damage the traditional character of traditional food products (Guerrero, et al., 2009). 
Education was another socio-demographic characteristic that influenced purchase intention. 
Similar findings regarding education level and purchase intention of functional foods were 
reported by Menrad and Sparke (2006) and Stewart-Knox et al. (2007). Consumers’ purchase 
intention of new food products was also found to increase with the level of education in the 
study of Chen et al. (2013), and education level was positively linked to consumers’ 
readiness to adopt new products in the study by Huotilainen, Pirttilä-Backman & Tuorila 
(2006). Being aware of nitrite added in processed meat products also increased purchase 
intention, i.e. a stronger awareness of nitrite in processed meat products associates with a 
stronger readiness to adopt alternatives.  
6.5.2 Market segments and tailored communication 
The processed meat market segmentation yielded four consumer segments, which differed 
significantly in personal characteristics. Communication can thus be tailored according to the 
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target segments. ‘Enthusiasts’ expressed high levels of interest in the reformulated meat 
products; this segment is expected to be willing to try or purchase without a great deal of 
marketing and communication efforts. As attitude was the main driver for purchase 
intention, ‘Accepters’ and ‘Half-hearted’ can be primary targets of interest in stimulating the 
adoption of the reformulated meat products. Since ‘Accepters’ have positive attitudes, 
marketing and communication efforts stimulating trial and experience (e.g. product 
sampling) can enhance their future purchase intention. For ‘Half-hearted’, their attitude can 
be made more positive through providing more extended information such as 
advertisements or product labelling that highlights the benefits of the reformulated meat 
products. As ‘Uninterested’ were featured with a larger proportion of consumers who were 
not aware of nitrite added in meat, the communication strategy targeting ‘Half-hearted’ may 
as well positively influence the ‘Uninterested’ by increasing their awareness. However, 
precautions should be taken, as the ‘Uninterested’ might be merely unresponsive towards 
these meat products. Besides, this segment was predominantly composed of consumers 
with a lower education level. Education has been reported to be positively associated with 
information comprehension due to an improved understanding (Grunert, Wills & Fernandez-
Celemin, 2010). In order to effectively reach the ‘Uninterested’, the communicated 
messages will have to be comprehensive yet clear and simple enough to avoid confusion.  
6.5.3 Further implications for communication and future research 
In order to achieve both public health and economic goals, our findings have several 
implications for further communication about the reformulated meat products. With regard 
to specific communications, emphasis should be placed on health benefits of natural extracts 
added in meat products rather than on nitrite reduction. First, an abrupt reduction of nitrite 
use (and related communication) risks to create confusion and fear as many consumers are 
currently not aware of nitrite being added to meat products and most of them are not 
familiar with food additives in general. Second, the addition of natural extracts in meat 
products is likely to contribute specific health benefits, as the habitual intake of bioactive 
compounds such as flavonoids and other polyphenols is currently too low (Vogiatzoglou et 




al., 2015). This is due to the fact that the average consumption of fruits and vegetables in 
Europe is below the recommended amounts. 
In addition, European consumers expressed sizeable trust in the regulation of the use of 
nitrite in meat. Instead of imposing extra requirements in the form of laws for processed 
meat producers or marketers, it may be more effective to increase public understanding 
about processed meat products. Consumers could be informed that processed meat 
products are not solely ‘unhealthy foods’ but can also be an excellent carrier for functional 
ingredients. Although consumers tend to perceive the processed meat industry or marketers 
as actors with vested and commercial interests (Hung et al., 2016b [Chapter 5]; Barnett et 
al., 2016), consumers should be encouraged to acknowledge that the processed meat 
industry plays an important role in turning lower-value cuts of meat into much more 
valuable products, which provide a rich source of nutrients (Tobin et al., 2014). Informing 
consumers about the research initiatives striving to improve the quality, safety and 
nutritional value of processed meat products may improve consumers’ confidence in the 
processed meat industry.   
The regression model in this chapter was based on the assumption that all variables were 
influencing purchase intention at the same level. In reality, there may be mediation or 
moderation among the variables. Future studies can take this issue into account by using 
layered models, such as structural equation model or hierarchical regression, in order to 
obtain clearer insights about the relation of determinants. Besides, this study is based on 
self-reported measures and the assumption that these reformulated meat products would 
have the same taste, texture, shelf-life and safety as the conventional meat products with 
added nitrite. Experimental studies are therefore recommended in which the use of real 
(prototype) meat products and different shopping environments should be incorporated to 
enable a realistic estimation of consumers' interest, intention and willingness to pay. Also 
the potential impact of labelling and visual presentations of the products should be studied 
further.   
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Consumer valuation of reformulated meat products 
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Abstract 
While innovation to improve processed meat products is promising, sensory 
characteristics remain the key factor shaping consumers’ preference and purchase 
decisions. These two studies employed a non-hypothetical and novel analytical 
approach to study how sensory attributes influence consumers’ willingness-to-pay 
(WTP) for reformulated meat products with added natural compounds and a reduced 
level of nitrite. Vickrey’s second-price experimental auctions were organised with 
conventional and the reformulated meat products. Study 1 was in Belgium (n=208) 
with cooked sausage; Study 2 was in the Netherlands (n=107) with cooked ham. Elastic 
net (EN) regularised regression models and regression trees were used to assess 
determinants of WTP under data constraints. Overall, WTP was positively influenced 
by a higher overall liking, appearance familiarity and a better colour, and negatively 
influenced by a stronger experience of aftertaste and darker colour. The order effect of 
tasting and information provision was opposite in the two studies. The study with 
cooked sausage also showed a positive effect of a better texture and taste, and a 
negative effect of a too weak intensity of meat taste on WTP. The study with cooked 
ham indicated a positive effect of a better smell, stronger salty taste and less dry 
texture, and a negative effect of a too strong intensity of meat smell on WTP. Whereas 
Just-About-Right (JAR) scales are widely applied in consumer research to identify 
optimal sensory attribute levels, both studies revealed that JAR ratings do not 
necessarily translate into a higher WTP. These studies yield recommendations for 
consumer-driven food product research and development.  
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7.1 Introduction 
Food companies continuously develop new products to meet changing needs, wants 
and preferences in their target markets, and to safeguard growth and competitive 
advantage in their marketing environment. As many new products still fail on the 
market, the use of consumer insight is deemed crucial in the new food product 
development process (Grunert, Verbeke, Kügler, Saeed & Scholderer, 2011). While 
consumer insight is relevant in every stage of new product development, ranging from 
the generation and screening of ideas, over the development and testing of concepts, 
to the testing of prototypes, it is especially consumer research during the latter stage 
that provides insight close to the situation as it will result when the new product is 
launched on the market.  
The growing consumer interest in healthier and more natural meat products continues 
to shape the meat industry and its production (Bedale, Sindelar & Milkowski, 2016; 
Verbeke, Pérez-Cueto, de Barcellos, Krystallis, & Grunert, 2010), partly due to 
consumers’ fear resulting from consecutive waves of safety scares, adverse health 
effects, sustainability and adulteration issues (e.g. Barnett et al., 2016; IARC, 2015; 
Verbeke, Frewer, Scholderer & De Brabander, 2007). Meanwhile, sensory 
characteristics such as taste remain crucial criteria for product acceptance, trial and 
repeat purchase (e.g. Saeed, Grunert & Therkildsen, 2013; Sindelar, Cordray, Olson, 
Sebranek & Love, 2007). In line with this, the present study analyses prototype newly 
developed reformulated meat products with added natural compounds and a reduced 
level of nitrite through an experimental auction combined with product tasting, 
sensory evaluation and information provision. The study herewith provides insights 
into the role of sensory attributes as the experience dimension of quality 
(Papanagiotou, Tzimitra-Kalogianni & Melfou, 2013), and of information about the 
innovative characteristics of the new products as a credence dimension of quality 
(Fernqvist & Ekelund, 2014), in shaping consumer reactions. Willingness-to-pay (WTP) 
is chosen as the response variable of interest, and the elastic net regularization 
method and regression tree analysis are used to identify the important determinants 
of WTP and investigate the magnitude of effects. 
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Processed meat products have been heavily debated owing to their potential adverse 
health impact, yet, they remain an important component of the diet in many countries 
(Mathijs, 2015; Grunert, 2006). While it is unlikely that consumers will drastically 
change their eating habits towards healthier options or through eliminating processed 
meat products from their diet, a potentially effective policy option is to reformulate 
products (Capacci et al., 2012). This is exactly what the EU-FP7 project PHYTOME 
envisaged: the development of innovative processed meat products in which the level 
of nitrite is reduced and natural compounds from fruits or vegetables (phytochemicals) 
are added to preserve technological and sensory quality, as well as product safety and 
shelf life. This type of innovation can be regarded as an incremental – rather than 
radical – innovation, i.e. a relatively small improvement to an existing product or 
product line.  
The concept of these reformulated meat products has been favourably evaluated by 
stakeholders and consumers (Hung, de Kok & Verbeke, 2016 [Chapter 6]; Hung, 
Verbeke & de Kok, 2016 [Chapter 5]; Strijbos, et al., 2016). Though not fully 
understood by consumers, nitrite has a negative health image as a chemical additive, 
whereas extracts from fruits and vegetables were perceived as natural and healthy 
ingredients. The exploratory study in Chapter 5 also highlighted that sensory 
characteristics are key attributes for acceptance, while numerous challenges in market 
positioning and communication of these reformulated meat products can be expected 
(e.g. with respect to message storytelling as shown by Fenger, Aschemann-Witzel, 
Hansen and Grunert, (2015)) due to the apparent gap between consumers' 
perceptions and facts about processed meat ingredients. These insights were further 
consolidated in a quantitative study in Chapter 6, wherein consumer attitudes and 
purchase intentions towards these reformulated meat products were quantified and 
found to be generally favourable. Market segments were identified to help overcome 
the challenges in further product development and marketing communication 
strategies. Nevertheless, favourable reception of the idea and concept does not 
provide sufficient support or guarantee for future market place success, especially 
since sensory expectations emerged as major issue of concern among consumers. 
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Therefore, once prototypes are available, further consumer research is warranted. This 
is what the studies described in this paper provide. 
Assessments of product liking based on sensory acceptability have often been 
performed in food-related marketing and consumer research, but the high market 
failure rate of newly launched products calls for a more realistic perspective on 
consumers’ purchase intention and behaviour. WTP reflects consumers’ preferences 
and is linked to purchase intention (Ajzen & Driver, 1992). It is measured in a monetary 
and globally understood unit, and it provides more concrete insights than ratings of 
liking, for example (Lawless, Drichoutis, Nayga, Threlfall & Meullenet, 2015). Since 
consumers tend to overstate their WTP in a hypothetical setting (List & Gallet, 2001), 
the use of non-hypothetical methods such as experimental auction methods are 
recommended to obtain a realistic estimation of consumers’ true preference (Chang, 
Lusk & Norwood, 2009). By combining data collection through an experimental auction 
in parallel with sensory evaluation and information provision, the present study aims 
at answering the question of how sensory experience and credence dimensions of 
quality determine consumers’ WTP for reformulated meat products. The nature and 
magnitude of influence of these determinants on WTP yields concrete directions for 
product improvement on specific sensory attributes. 
This study is, to the best of our knowledge, the first attempt to estimate WTP for 
reformulated meat products combining a non-hypothetical auction mechanism and 
sensory evaluation. Using the reformulated meat products as case studies, this paper 
presents originality both in terms of empirics and methodologies. The specific 
objectives of this study are twofold. First, to investigate the determinants of 
consumers’ WTP, notably sensory attribute evaluations and the order of tasting 
experience and exposure to information. Second, as sensory attributes are typically 
highly correlated (Xiong & Meullenet, 2006), and although the studies described in this 
paper have considerably large sample sizes for this type of experimental design, a 
complex model can still suffer from an overfitting problem (Babyak, 2004). To deal 
with this issue the second objective of the study is to explore and elaborate Elastic net 
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(EN) regularised regression and regression tree analysis as an alternative analytical 
approach to model the effects of sensory evaluations on WTP under data constraints.  
 
7.2 Materials and methods 
7.2.1 Data collection and participants 
Two independent studies involving experimental auctions with product tasting and 
product-related information treatments were organised. Study 1 was performed with 
consumers of cooked sausage in Belgium (BE) and involved 208 participants in 14 
auction sessions. Study 2 was with cooked ham in the Netherlands (NL), involving 107 
participants in 6 auction sessions. Ethics approval for both studies was granted by the 
Medical Ethics Committee of Ghent University Hospital (Registration number: 
B670201525717). Products were manufactured and supplied by meat processing 
Small-and-Medium-sized Enterprises (SMEs) who took part in the research project. 
Both the conventional and reformulated meat products were manufactured by the 
same SME in each study, using the same recipe, raw meat content and quality, salt 
level, and production conditions. The only difference consisted in (partially or totally) 
replacing added nitrite by a commercial mix of natural compounds. 
The products and countries were selected taking into account the processed meat 
products’ consumption levels and consumers’ interest in the new alternatives, along 
with the primary expertise, focal assortment and interest of the participating SMEs. In 
spite of the frequent consumption of these processed meat products at the national 
level (one third of ‘at least once a week’), the penetration rate of cooked sausage in BE 
and cooked ham in NL were found to be the lowest compared to Italy (IT) and 
Germany (DE) in the study sample of Hung et al. (2016a) (Chapter 6) (Table 7.1). 
Interestingly though, consumers’ interest in the reformulated meat products with 
natural compounds and a reduced level of nitrite was found to be the strongest in 
Belgium and the Netherlands based on the market segments identified in Chapter 6. 
The low penetration rate at present, combined with a strong interest among 
consumers, are suggestive of sizeable room for increasing consumer appeal and 
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consumption of the reformulated meat products and substantial potential for 
marketplace success in the selected study countries.  
Table 7.1. Consumption frequency of cooked sausage and cooked ham (portion size 100 
grams) in BE (n= 532), NL (n=501), DE (n=522) and IT (n = 502) (% of respondents) based on the 
study of Hung et al. (2016a) (Chapter 6) 
 Cooked sausage (%)  Cooked ham (%) 
 BE NL DE IT  BE NL DE IT 
Less than once a month 34.2 30.5 30.2 14.5  10.7 16.6 15.7 6.0 
At least once a month 33.3 35.5 25.5 33.7  29.3 28.1 27.4 19.1 
At least once a week 32.5 34.0 44.3 51.8  60.0 55.3 56.9 74.9 
Data were collected from October to November 2015 with healthy adults aged 
between 18 to 75 years who purchased and consumed processed meat products (as a 
category) at least once a month. The participants were recruited by means of 
probabilistic sampling from online proprietary panels managed by professional market 
research agencies. Study 1 was conducted in Ghent, Belgium (BE) (n = 208); Study 2 
was done in Maastricht, the Netherlands (NL) (n = 107). The sample consisted of 60.6% 
females in Study 1 and 46.7% females in Study 2; the mean age was 42 and 45 years in 
Study 1 and 2, respectively. The majority of participants had followed education 
beyond higher secondary level and had main responsibility for food purchase in their 
household. Descriptive demographic statistics are presented in Table 7.2. 
Table 7.2. Sample characteristics (Study 1 in Belgium (BE), n = 208; Study 2 in the Netherlands 







Sample size n 208 107 
    
 
 
Gender Male 39.4 53.3 
  Female 60.6 46.7 
    
 
 
Age 18-34 years 39.0 32.7 
  35-54 years 34.8 31.8 
  55-75 years 26.2 35.5 




Education Below Bachelor's degree 28.9 53.2 
 Bachelor's degree or 
above 
71.1 46.8 
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7.2.2 Experimental design 
7.2.2.1 Study 1 (Belgium (BE), n = 208) 
The experiment was based on a hybrid of between-subject and within-subject design. 
Participants were placed in one of four treatment groups with initial treatments 
and/or subsequent treatments as indicated in Table 7.3. Figure 7.1 shows a flowchart 
of the experimental design from the moment when participants were presented with 
the prototypes until the last bidding round. For example, participants in treatment 
group 1 were not exposed to an initial treatment before the first rounds of bidding; 
afterwards they received information and had the taste experience as the subsequent 
treatment. For the subsequent treatments of treatment group 1 and the initial 
treatments of treatment group 4, the sequences of tasting and information treatment 
were reversed to avoid possible order bias. About half of the participants (n=111) had 
the taste experience before receiving information. All participants had the opportunity 
to taste and receive the information before the final bidding rounds.  
The two processed meat products, i.e. reformulated cooked sausage (coded as 784) 
and conventional cooked sausage (coded as 219) in package (150g) were shown to the 
participants. Illustrations of the prototype cooked sausages are provided in Appendix 
7.A.i. The presentation order of the two samples was alternated to avoid order bias 
during tasting, wherein half of the participants (n=104) first evaluated product 219 and 
then product 789. The current market price of conventional cooked sausage (€1.19 / 
150g) was used as the reference price during the auctions; participants had to bid on 
the reformulated cooked sausage 784. 
Table 7.3. The four treatment groups in Study 1 (BE, n = 208) 
Initial treatments 
Information 
Without information With information 
Taste 
experience 
No Treatment group 1: subsequent 
treatments with taste experience and 
information (n = 52)  
Treatment group 3: subsequent 
treatment with taste experience 
(n = 54) 
Yes Treatment group 2: subsequent 
treatment with information (n = 50) 
Treatment group 4: no 
subsequent treatment (n = 52) 
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Product C: Conventional cooked sausage 
Product R: Reformulated cooked sausage 
 
 
Figure 7.1. Flow chart of experiment design (four treatment groups) in Study 1 (BE, n = 208)  
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7.2.2.2 Study 2 (the Netherlands (NL), n = 107) 
The experiment was based on a within-subject design. All participants went through 
the same treatments in all six auction sessions. The first rounds of bidding took place 
after evaluation based on the appearance and colour, followed by tasting and 
information treatments, wherein participants had to bid after each treatment. The 
sequences of tasting and information treatment were reversed to avoid possible order 
bias. All participants had the opportunity to taste and receive the information before 
the final bidding rounds. In total, about half of the participants (n=53) had the taste 
experience before receiving information.   
The two processed meat products, i.e. reformulated cooked ham (coded as 936) and 
conventional cooked ham (coded as 428) in package (100g) were shown to the 
participants. Illustrations of the prototype cooked hams are provided in Appendix 
7.A.ii. The order of the two samples was alternated to avoid order bias during tasting, 
wherein half of the participants (n=53) first evaluated product 428 and then product 
936. The current market price of conventional cooked ham (€2.19 / 100g) was used as 
the reference price; participants had to bid on the reformulated cooked ham 936.  
7.2.3 Experimental procedure and measurement scales 
The same researchers conducted all 20 auction sessions (14 sessions for Study 1 and 6 
sessions for Study 2; 15 to 18 participants per session) over a period of one month 
using the protocol described in Appendix 7.B. For sensory evaluation, the prototype 
reformulated meat products were first evaluated based on appearance and colour. 
When they were subjected to taste experience, each participant received half a slice as 
one tasting sample. The prototypes were then evaluated based on smell, taste and 
texture, on five-point intensity scales ranging from extremely bad (=1) to extremely 
good (=5), Just-About-Right (JAR) scales ranging from much too weak (=-2) to much too 
strong (=2) (Jaeger et al., 2015; Varela & Ares, 2014; Meilgaard, Carr & Civille, 2006; 
Popper, Rosenstock, Schraidt & Kroll, 2004), and overall liking on nine-point hedonic 
scales from dislike extremely (=1) to like extremely (=9) (Peryam & Pilgrim, 1957). The 
use of different types of scales could influence the conclusions regarding patterns of 
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consumers’ preference. Scales that required consumers to pay attention on specific 
sensory attributes such as the intensity or JAR scales could induce an analytical mind-
set and promote critical evaluation (Prescott, Lee & Kim, 2011). After tasting, 
participants were asked to indicate which meat product they preferred the most 
(conventional or reformulated). The questionnaire used for sensory evaluation is 
presented in Appendix 7.C. For the information treatment, participants received a 
handout with information about the differences between the conventional and 
reformulated meat products. The information is shown in Appendix 7.D.   
Participants had to submit three rounds of bidding after every treatment. They were 
reminded that any bidding round could be randomly selected as the final (and binding) 
auction. The participants were divided into 3 auction groups per session (5 to 6 
persons per auction group), the participant who had submitted the highest bid in each 
auction group had to pay the second highest price to purchase the reformulated meat 
product.  
7.2.4 Statistical modelling 
The response variable of interest in this study is consumers’ willingness-to-pay (WTP) 
for the reformulated meat products, which was directly measured with the bids 
obtained during the auctions and expressed in monetary units (euro). Using WTP 
instead of self-reported overall liking or preference as dependent variable provides 
more concrete insights for product development and market introduction. The WTP 
was calculated based on the mean bid of the final three bidding rounds, where all 
participants had received both tasting and information treatments. In order to elicit 
the effects of sensory attributes on WTP, 21 sensory attributes, an overall liking score 
and a treatment group dummy (0 = Taste before information; 1 = Information before 
taste) were included as explanatory variables. These variables were selected owing to 
their alterable nature (e.g. producers can adjust the saltiness, which may indirectly 
alter the overall preference, yet they cannot adjust the hunger level of consumers). 
Sensory attributes measured on JAR scales were converted into ‘too little and too 
much’ continuous variables (Xiong & Meullenet, 2006), as the middle category 
indicates the ideal response (JAR), unlike the intensity or hedonic scales. Table 7.4 
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shows an example of a JAR scale conversion using the question on glossiness, in which 
participants could rate if the tested product was ‘much too dull’, ‘little too dull’, ‘just-
about-right’, ‘little too glossy’ or ‘much too glossy’. In order to have meaningful 
comparison of the relative importance across variables in explaining WTP, all 
explanatory variables were standardized except for the treatment group dummy. 
Table 7.4. Conversion of Just-About-Right (JAR) scales for glossiness into ‘too glossy’ variable 
and ‘too dull’ variable 
 Variable coding 
Original 
scale 
1 2 3 4 5 
Much too dull Little too dull JAR Little too glossy Much too glossy 
Too glossy 
variable 
0 0 0 1 2 
Much too dull Little too dull JAR Little too glossy Much too glossy 
Too dull 
variable 
-2 -1 0 0 0 
Much too dull Little too dull JAR Little too glossy Much too glossy 
Note: The full JAR scales can be referred to Appendix 7.C. 
Due to the interdependent nature of sensory attributes, the explanatory variables tend 
to be highly correlated (e.g. Xiong & Meullenet, 2006). With an ordinary linear 
regression (OLS), only one of the correlated variables would be selected, omitting 
groups of variables which might characterize important dimensions. Meanwhile, Green 
(1991) suggests that 50 observations with roughly 8 additional observations per 
explanatory variable are the minimum sample sizes for a typical effect estimation with 
sufficient statistical power in behavioural sciences; a much larger sample size is 
required if the explanatory variables are highly correlated. When the model is 
relatively complex with many explanatory variables, OLS would have a high chance of 
overfitting (Babyak, 2004). Therefore, an alternative analytical approach – namely, 
Elastic Net (EN) regularised regression – that involves penalisation has been pursued to 
tackle the aforementioned multicollinearity and overfitting issues. 
The EN regularised regression model as proposed by Zou and Hastie (2005) is a 
relatively novel approach and has hardly been used in sensory and consumer research. 
This method works as an extended OLS, while it does not only minimize sum of squares 
but also introduces optimum penalties that improve model predictive power and 
minimise model error (Kuhn & Johnson, 2013). EN applies a linear combination of the 
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so-called L2 penalty term from ridge regression (Hoerl & Kennard, 1970) and the so-
called L1 penalty term from least absolute shrinkage and selection operator (lasso) 
(Tibshirani, 1996). The L2 penalty term induces grouping effect and deals with 
coefficient instability, as it imposes penalty equivalent to the square of the coefficient 
magnitude; coefficients are shrunk but never to exactly zero. Highly correlated 
variables tend to share coefficients of a similar magnitude, where groups can be 
identified even not known in advance (Ogutu, Schulz-Streeck & Piepho, 2012). On the 
other hand, the L1 penalty term performs variable selection, as it imposes penalty 
equivalent to the absolute value of the coefficient magnitude; coefficients of the 
explanatory variables that are less important in determining the WTP are shrunk to 
exactly zero1. By combining L1 and L2 penalty terms, EN simultaneously optimises the 
extent of both regularizations (Zou & Hastie, 2005). Mathematically, the objective 








]          (1) 
where yi corresponds to the WTP of the ith participant; and xi is the vector of 
explanatory variables of the ith participant; and β is the vector of regression 
coefficients to be estimated. The tuning parameter λ sets the weight of the penalty to 
minimize the mean square error. Pα(β) is the penalty term given by (2):   






𝑗=1            (2) 
where the tuning parameter α is a compromise between the penalty methods of ridge 
(L2) (α = 0) and lasso (L1) (α = 1) (Zou & Hastie, 2005).  
The EN regularised regression of this study was performed using R language with the 
glmnet package developed by Friedman, Hastie and Tibshirani (2010). The optimal 
values of λ and α were selected based on tenfold cross validation, which were 
                                                          
1 Apart from shrinkage methods like ridge, lasso or EN, Xiong and Meullenet (2006) also suggested to 
use dimension reduction methods such as Partial Least Squares Regression (PLS-R) for this type of data 
with possible multicollinearity. We have tested this approach with our data and obtained similar 
insights. However, PLS-R resulted in a less parsimonious model with many non-zero coefficients, 
imposing uncertainties in variable selection. PLS-R in principle may outperform EN in selecting groups of 
correlated variables (e.g. Acharjee et al., 2013), but this is not the main purpose of our study. Therefore, 
we opted to model our data with EN.   
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indicated by the smallest cross validation error. The stability of the selected variables 
was then assessed by means of a bootstrap sampling and selection strategy. Based on 
1,000 times of resampling and a repeated selection process, the variable inclusion 
probability (VIP) was calculated based on the number of times that each explanatory 
variable was selected. The variables were considered stable and important when the 
VIP was higher than 50% of the bootstrapped samples (Bunea et al., 2011).   
The EN model’s goodness-of-fit was assessed by calculating the root mean square 
error (RMSE) and the adjusted coefficient of determination (adjusted R2). RMSE is an 
absolute measure of fit, whereas adjusted R2 is a relative measure of fit. RMSE is to be 
interpreted in the same units as the WTP and can be seen as the standard deviation of 
the unexplained variance; a lower value of RMSE indicates a better fit. Adjusted R2 
measures the proportion of variance in WTP explained by the selected explanatory 
variables (Hair, Black, Babin, Anderson & Tatham, 2006).  
Finally, based on the variables selected by EN, regression trees proposed by Breiman, 
Friedman, Olshen and Stone (1984) were built using the rpart-package developed by 
Therneau and Atkinson (1997) to provide additional insights into the interaction 
among the explanatory variables and their corresponding influences on WTP. The 
optimal size of trees were controlled by pruning, which recursively removes the least 
important splits based on the Complexity parameter (Cp). A too large tree might over-
fit the data whereas a too small tree might fail to capture the important variables. The 
Cp with the smallest cross-validated error was selected for optimal pruning (Friedman 
et al., 2001). Regression tree analysis and its derived analytical methods have been 
mentioned in several sensory studies previously (e.g. Bi, 2012; Iannario, Manisera, 
Piccolo & Zuccolotto, 2012).   
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7.3 Results 
7.3.1 Sensory evaluation 
Table 7.5 provides an overview of the sensory evaluation of the reformulated meat 
products tested in both studies. Results from the sensory evaluation of the two 
conventional processed meat products are provided in Appendix 7.E. Consumers in 
general evaluated the reformulated meat products as neither good nor bad in terms of 
the overall rating of appearance familiarity, colour, smell, taste and texture. 
Meullenet, Xiong  and Findlay (2008) suggested that a minimum of 70% of responses in 
the JAR region (henceforth ‘JAR rating’) is required to conclude that a specific attribute 
is optimal; a minimum of 20% of responses in ‘too weak’ or ‘too strong’ region 
(henceforth ‘non-JAR rating) is required to conclude that a specific attribute is not 
optimal. The sensory attributes of the reformulated cooked sausage in Study 1 
deviated from being optimal, as no attribute received more than 70% JAR rating 
(ranging between 44.7% and 60.6%) and all attributes had at least 20% of non-JAR 
rating at either side (ranging between 22.6% and 40.9%) (Figure 7.2). The prototype 
cooked sausage was generally rated as having a too dull appearance, a too dark colour, 
a too strong intensity of meat smell, a too weak intensity of meat taste, as being too 
salty, having a too strong aftertaste, being too firm and having a too dry texture. After 
sensory evaluation, 42.8% of the participants indicated that they preferred the 
reformulated cooked sausage, 41.8% preferred the conventional cooked sausage while 
15.4% did not know which one they preferred. Based on a one-sample chi-square test, 
the amount of participants who preferred one or the other type of cooked sausage 
was not significantly different.     
The reformulated cooked ham in Study 2 was rated as having optimal juiciness (73.8% 
of JAR rating), firmness with a slight tendency to be too soft (72.9% of JAR rating with 
20.6% of ‘little too soft’ rating), and saltiness with a slight tendency to be too strong 
(67.3% of JAR rating with no non-JAR rating higher than 20%). It received more than 
20% of non-JAR rating on other attributes such as too dull appearance, too pale colour, 
too weak intensity of meat smell, meat taste and aftertaste (Figure 7.3). After sensory 
evaluation, 64.5% of participants indicated that they preferred the reformulated 
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cooked ham and 31.8% preferred the conventional cooked ham, while only 3.7% did 
not know which one they preferred. There was a significantly larger amount of 
participants who preferred the reformulated cooked ham. 
Table 7.5. Sensory evaluation of the two reformulated meat products 
 Belgium 
Study 1 (n = 208) 
 Netherlands 
Study 2 (n = 107) 
 Reformulated cooked 
sausage 
 Reformulated cooked 
ham 
 Mean S.D.  Mean S.D. 
Intensity scales (from 1 to 5)      
Appearance familiarity 2.83 0.96  3.07 0.91 
Colour 3.01 0.92  3.17 0.78 
Smell 3.08 0.88  3.44 0.80 
Taste 3.23 0.91  3.46 0.77 
Texture 3.19 0.88  3.43 0.75 
JAR scales (from -2 to 2)      
Glossiness -0.28** 0.78  -0.39** 0.70 
Colour intensity 0.38** 0.75  -0.40** 0.71 
Intensity of meat smell 0.22* 0.86  -0.10 0.73 
Intensity of meat taste -0.18* 0.85  -0.31** 0.71 
Saltiness 0.20** 0.69  0.08 0.74 
Aftertaste 0.12* 0.77  -0.07 0.68 
Firmness 0.19** 0.70  -0.16* 0.55 
Juiciness -0.28** 0.67  -0.10* 0.53 
Hedonic scale (from 1 to 9)      
Overall liking 5.22 2.04  6.21 1.71 
* Indicates that the median is significantly different from 0 (just-about-right) at the 0.05 level based on 
one-sample Wilcoxon signed-rank Test; *p < 0.05; **p< 0.001. Means and standard deviations are 
presented in this table, as the medians are often uniform across variables and are less informative. The 
median test and mean values indicate if the rating of attributes deviated from JAR as a whole. 
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# indicates that the frequency of non-JAR rating is higher than 20% on either side  
Figure 7.2. Frequency distribution of the responses from sensory evaluation of the 
reformulated cooked sausage based on JAR scales in Study 1 (Belgium, n = 208) 
 
 
*Indicates that the frequency of JAR rating is higher than 70%; # indicates that the frequency of non-JAR 
rating is higher than 20% on either side  
Figure 7.3. Frequency distribution of the responses from sensory evaluation of the 
reformulated cooked ham based on JAR scales in Study 2 (the Netherlands, n = 107)  
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7.3.2 Preference, WTP and its determinants 
In addition to the overall liking in sensory evaluation, participants’ WTP for the two 
types of reformulated meat products was assessed to reveal their true preference. 
Participants’ average WTP for the reformulated cooked sausage was €0.92 ± 0.49 (per 
150g), which was significantly (p<0.001) lower than the market reference price €1.19 
(per 150g). The average WTP for the reformulated cooked ham was €1.36 ± 0.71 (per 
100g), which was also significantly (p<0.001) lower than the market reference price 
€2.19 (per 100g). Participants’ hunger level and the time of their last meal or snack 
with meat were neither associated with their reported overall liking nor WTP in these 
two studies (Appendix 7.F). 
The EN regularised regression model selected a series of variables that were identified 
as important determinants of WTP. Figure 7.4 illustrates the results of the variable 
selection process based on optimisation of the tuning parameters λ and α.  
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The curves correspond with the selected variables, which show the paths of their coefficients against the L1 penalty term (L1 Norm) of the entire coefficient vector as λ 
varies. With sufficiently large λ, different fitted coefficients were set to exactly zero. The axis on top of the graphs indicates the effective degree of freedom for the lasso as 
well as the number of variables with non-zero coefficients at the current λ. The numbering of selected variables (at the right of the graphs) corresponds with the numbers 
indicated in Table 7.6 and Table 7.7.  
Figure 7.4. Variable selection performed by Elastic Net (EN) regularized regression based on the optimal tuning parameters λ and α for (a) Study 1 (Belgium 
(BE), n = 208) and (b) Study 2 (the Netherlands (NL), n = 107) 
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7.3.2.1 Study 1 (BE, n = 208) 
In order to explain participants’ WTP for the reformulated cooked sausage, the EN 
model shown in Figure 7.4(a) was estimated to assess the magnitude of effects 
contributed by various determinants (Table 7.6). WTP was €0.11 lower when 
participants were exposed to the information treatment before tasting. Texture of the 
reformulated cooked sausage had the strongest effect on WTP: a one-unit increase of 
the standardized factor score in the texture rating resulted in an increase of WTP with 
€0.11. The response variable (WTP) was not standardized, thus it reflects the actual 
increase or decrease of WTP that participants had in euro. Whereas the explanatory 
variables were standardized, their importance can be interpreted as relative to each 
other in the model, i.e. variables with larger coefficient estimates are more important 
in explaining WTP, except for the unstandardized treatment group variable. WTP was 
also positively influenced by a higher level of overall liking, appearance familiarity, and 
a better rating of taste and colour. Findings with respect to the sensory attributes 
rated on JAR scales clearly indicate the potential reduction in WTP associated with the 
attributes that are rated as not being optimal. The attributes that were not selected in 
the model could either be already considered optimal or not having an effect on WTP. 
If only one of the two complementary JAR variables was selected, it could mean that 
the attribute did not require optimization on the side that was not selected. For 
example, WTP decreased when the intensity of meat taste increased in the too weak 
region, when the colour was too dark, and when aftertaste increased in both the too 
weak and too strong regions. The complementary variables can have negative 
correlations in this type of analysis (e.g. aftertaste), which suggests that this attribute 
could be too strong and improvement is required. Smell of the tested reformulated 
cooked sausage played a less important role in shaping the WTP.   
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Table 7.6. Determinants selected by the Elastic net model and their magnitude of effects in 
shaping WTP for reformulated cooked sausage in Study 1 (Belgium, n = 208) 





Treatment group  
(0 = Tasting before information;  
1 = Information before tasting) 
-0.108 833 
2 Texture rating 0.105 789 
3 Overall liking 0.095 682 
4 Appearance familiarity 0.072 780 
5 Taste rating 0.070 641 
6 Too weak aftertaste* -0.067 794 
7 Too weak meat taste* -0.044 786 
8 Too dark in colour -0.035 787 
9 Colour rating 0.026 762 
10 Too strong aftertaste -0.002 781 
# The numbering of selected variables corresponds with the variable numbers indicated in Figure 7.4. 
*The coding has a reverse direction (-2, -1, 0). 
Variables entered but not selected in the model: too dull appearance, too glossy appearance, too pale 
colour, smell rating, too weak meat smell, too strong meat smell, too strong meat taste, too weak 
saltiness, too strong saltiness, too soft texture, too firm texture, too dry texture, too juicy texture. The 
uncertainties of coefficients mainly pertain to the bias introduced by the penalised least squares 
method. Model goodness-of-fit: adjusted R² = 29.1%; Root mean square error (RMSE) = 0.16. 
 
While the EN model selected the most determining variables in shaping WTP, 
regression tree analysis further simplifies this model and visualises the interactions 
between determinants. Out of the 10 selected variables, four variables are used in the 
tree construction: overall liking, appearance familiarity, texture and aftertaste. The 
regression tree for Study 1 is shown in Figure 7.5. It can be interpreted as a flowchart 
from top (root) to bottom (nodes). As the explanatory variables were not standardized, 
the units remain the same as in the original scales. For example, participants who had 
an overall liking level below ‘like slightly’, rated the appearance less than ‘somewhat 
familiar’, and rated the aftertaste stronger than ‘a little too weak’ were willing to pay 
€0.35 on average. Apart from these root to node interpretations, information about 
the average WTP and numbers of participants are also displayed at each split level. The 
order in which variables should be examined depends on the response to the previous 
split.   
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Complexity parameter (Cp) = 0.0283; cross-validated error = 0.853  
Figure 7.5. Pruned regression trees for predicting the WTP for reformulated cooked sausage in Study 1 (Belgium (BE), n = 208) 
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7.3.2.2 Study 2 (NL, n = 107) 
WTP for reformulated cooked ham is explained by the EN model shown in Figure 7.4(b) 
and the magnitude of effects contributed by various determinants are listed in Table 
7.7. WTP was €0.18 lower when the participants had tasted the product before 
exposure to the information treatment. In line with expectations, overall liking of the 
reformulated cooked ham was the strongest determinant of WTP: a one-unit of 
increase in the overall liking resulted in an increase of €0.13. WTP was also positively 
influenced by a higher level of appearance familiarity, stronger experienced saltiness, a 
better rating of colour and smell, and when the texture was evaluated as less dry. The 
increased WTP along the increasing saltiness in both the too weak and the too strong 
regions indicates that a stronger saltiness was favoured. WTP was negatively influenced 
by the experience of a too strong meat smell, stronger aftertaste (in both too weak and 
too strong regions), and when the colour was too dark.   
Table 7.7. Determinants selected by the EN model and their magnitude of effects in shaping 
WTP for reformulated cooked ham in Study 2 (Netherlands, n = 107) 
#                 Selected variables Coefficients Stability 
 Intercept 0.025  
1 
Treatment group 
(0 = Taste->Information;  
1 = Information->Taste) 
0.179 818 
2 Overall liking 0.130 730 
3 Appearance familiarity 0.098 782 
4 Too strong meat smell -0.095 803 
5 Too strong aftertaste -0.070 765 
6 Too strong saltiness 0.070 826 
7 Too weak saltiness* 0.063 797 
8 Colour rating 0.051 813 
9 Too weak aftertaste* -0.050 777 
10 Smell rating 0.050 787 
11 Too dry* 0.043 802 
12 Too dark in colour -0.025 828 
# The numbering of selected variables corresponds with the variable numbers indicated in Figure 7.4. 
*The coding has a reverse direction (-2, -1, 0). 
Variables entered but not selected in the model: too dull appearance, too glossy appearance, too pale 
colour, too weak meat smell, taste rating, too weak meat taste, texture rating, too soft texture, too firm 
texture, too juicy texture. The uncertainties of coefficients mainly pertain to the bias introduced by the 
penalised least squares method. Model goodness-of-fit: adjusted R² = 22.1%; Root mean squared error 
(RMSE) = 0.342. 
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The regression tree for Study 2 is illustrated in Figure 7.6. Out of the 12 selected 
variables, three variables were used in the tree construction, which were overall liking, 
order of treatments and colour evaluation. For example, participants who had an 
overall liking level below ‘neither dislike nor like’, had tasting experience before 
information treatment and who rated the colour below ‘neither good nor bad’ were 
willing to pay €0.93 on average. 
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Complexity parameter (Cp) = 0.0245; cross-validated error = 0.822  
Figure 7.6. Pruned regression trees for predicting the WTP for reformulated cooked ham in Study 2 (the Netherlands (NL), n = 107) 
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7.4 Discussion and conclusion 
Consumers’ true preference for two types of reformulated meats was estimated using WTP 
elicited through non-hypothetical Vickrey second price auctions in two different study 
samples. The two reformulated meat products – both with a reduced level of nitrite and 
added natural compounds – were acceptable for consumers. Yet the analyses showed there 
was ample room for further improvement on certain sensory attributes. Due to the versatile 
role of nitrite, many studies found that conventional processed meat products with nitrite 
received better ratings in sensory evaluation compared to alternatives with lower nitrite 
levels (Sindelar & Milkowski, 2011). Surprisingly, more participants in our studies preferred 
the reformulated meat products with less nitrite to the conventional ones after tasting. 
These reformulated meat products could therefore be considered successful in product 
improvement regarding the sensory aspect. In recent years, there has been a rising number 
of successful examples of reducing the level of nitrite in processed meat products (e.g. 
Magrinyà, Bou, Rius, Codony & Guardiola, 2012; Deda, Bloukas & Fista, 2007). Nevertheless, 
consumers’ WTP for this type of reformulated meat products, which has never been 
assessed in previous studies, was significantly lower than the given market reference prices. 
This lower WTP could either be due to the experimental setting or procedures employed, or 
the fact that consumers’ sensory expectations were not met by the prototype products. In 
addition, the International Agency for Research on Cancer (IARC) from World Health 
Organization (WHO) has announced that red meat is classified as ‘probably carcinogenic to 
humans’ and processed meat is classified as ‘carcinogenic to humans’ right before Study 2 in 
the Netherland was conducted. This message might have decreased consumers’ WTP. 
While Briz, Drichoutis and House (2015) reported that hungry individuals placed higher bids 
at an experimental auction for sandwiches (i.e. food intended rather for immediate 
consumption), neither hunger level nor the time of the last meal or snack with meat were 
associated with consumers’ liking or WTP in our studies. This might be explained by the 
consumption occasion, in which processed meat products are normally not purchased and 
consumed as a stand-alone food to ease immediate hunger, unlike sandwiches, which was 
tested in the study of Briz et al. (2015).  
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JAR scales were used to provide insights different than intensity and hedonic scales, owing 
to its affective component that could imply the ideal attribute (Popper et al., 2004). Various 
methods have been proposed to analyse sensory data with JAR scaled measures, for 
instance, penalty analysis (Meullenet et al., 2008), partial least squares regression (Xiong & 
Meullenet, 2006), or generalized pairwise correlation (Gere, Sipos & Héberger, 2015). 
However, penalised least squares methods such as EN have hardly been used in the field of 
sensory and consumer research. Several findings in other science domains have provided 
evidence that EN performs well in variable selection even in the presence of multicollinearity 
and potential overfitting problems (e.g. Garbez et al., 2016; De Mol, De Vito & Rosasco, 
2009). Albeit introducing small bias into the model, this bias was offset by a large reduction 
in variance and improvement in the precision and consistency of coefficient estimates (Kuhn 
& Johnson, 2013). With regards to precision, unfortunately, it was hardly possible to obtain 
precise or meaningful estimates of standard error for the EN model in these studies, because 
the introduced bias made up a major component of the mean squared error, where only a 
small part was contributed by the variance. While the bias could not be precisely estimated, 
standard error based on variance might give a false impression of great precision (Goeman, 
Meijer & Chaturvedi, 2012); therefore standard errors were not reported.  
The EN models and regression trees have elucidated the complex pattern of relationships 
among monetary valuation, order of treatments (tasting and information provision) and 
rating of sensory attributes. An opposite order effect of tasting and information treatment 
was found in the two studies. This suggests that the order effect on WTP could be product- 
or case-specific (e.g. also reported in Zhang & Vickers, 2014; Saeed et al., 2013). Our findings 
are in line with the expectancy-disconfirmation model of consumer satisfaction (Oliver, 
1980). In our case study with cooked sausage in Belgium, tasting experience of the 
reformulated product was apparently not favourable enough to meet the expectation raised 
by its appearance and the presented information. This discrepancy has caused 
disconfirmation and the resulting dissatisfaction was reflected in a lower WTP. By contrast, 
the reformulated cooked ham in the case study in the Netherlands apparently surpassed 
participants’ taste expectations based on its appearance and the presented information; 
confirmation occurred and consumer satisfaction was expressed in a higher WTP. Our 
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findings point out a crucial success factor in reformulated meat product development, in 
which the product must meet or exceed sensory expectations raised by its appearance and 
associated information and marketing communication (Søndergaard & Harmsen, 2007).  
Considering these two studies, WTP was positively influenced by a higher level of overall 
liking, appearance familiarity and a better rating of colour, but negatively influenced by a 
stronger experience of aftertaste and darker colour. Previous studies have stressed the 
importance of colour of food products which could even override the taste experiences and 
liking by itself (e.g. Piqueras-Fiszman et al., 2014; Spence, Levitan, Shankar & Zampini,  
2010). Sindelar, Cordray, Olson, Sebranek and Love (2007) tested various processed meat 
samples with reduced levels of nitrite: variations in colour were detected by consumers and 
influenced their reported liking. Our findings confirm the importance of visual appeal in food 
products in determining consumers’ WTP. Important pairs of JAR dummy variables such as 
aftertaste in both studies and saltiness in the study with cooked ham implied that these 
attributes were not JAR (Xiong & Meullenet, 2006). In terms of aftertaste, other studies with 
reformulated meats using plant-based nitrite substitutes have also reported undesirable 
aftertaste effects (e.g. Pietrasik, Gaudette & Johnston, 2016; Djeri & Williams, 2014; Pegg & 
Shahidi, 2008). According to the JAR rating, aftertaste had a negative effect on WTP even in 
the too weak region. This could imply that either aftertaste of these processed meat 
products was simply unwanted, or it was difficult for participants to establish the JAR level of 
aftertaste as it is a complex attribute (Moussaoui & Varela, 2010). 
By contrast, saltiness had a positive effect on WTP for reformulated cooked ham even in the 
too strong region. This could indicate that a higher level of saltiness in this product would be 
appreciated by the participants. Some studies also highlighted the importance of saltiness in 
processed meat products in shaping consumer acceptability (e.g. Aaslyng, Vestergaard & 
Koch, 2014; Tobin, O'Sullivan, Hamill & Kerry,  2013). These findings are relevant considering 
that salt reduction is expected to result in public health improvements (He, Brinsden & 
MacGregor, 2014), and in light of on-going policy efforts worldwide in reducing salt levels in 
food, including voluntary product reformulation, public awareness campaigns and 
mandatory labelling (Trieu et al., 2015). Although consumers’ palates may adjust to a weaker 
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salty taste over time (e.g. Girgis et al., 2003), consumers’ liking of salty taste definitely poses 
major challenges for salt reduction, future consumer acceptance, preference, liking and WTP 
for certain processed meat products. For the case of salt reduction, health strategies in 
general should focus not only on product modification or reformulation, but also on 
changing whole dietary patterns. The latter may be a strategy in which there is no product 
modification at all. However, consumers do not behave rationally, the consumption of foods 
high in salt level such as processed meat products is more likely for satisfying food pleasure 
or hunger in a convenient way, instead of for satisfying nutritional needs. Therefore, 
initiatives in product modification or reformulation still plays an important role in helping 
consumers to draw their dietary pattern more in line with the recommendation.  
JAR scales might appear less appropriate for sensory attributes that have a negative 
connotation in consumer perception, which is in line with the explanation provided by 
Varela and Ares (2014). For example, if aftertaste in processed meat products is simply 
undesirable, participants might tend to rate it as too strong, or find it ideal when it is too 
weak. Furthermore, even if the JAR scales were appropriate with neutral attributes like 
saltiness, as consumers could have different levels of liking or tolerance for different 
intensities of saltiness (Li & Ziegler, 2014), JAR ratings might thus not consistently guarantee 
a higher WTP. 
In conclusion, the present study underscores once more that sensory attributes have a 
decisive influence on consumers’ WTP for reformulated meat products. Using a non-
hypothetical study design through an experimental auction with product tasting and 
exposure to information might provide a close estimation of consumers’ true preference. A 
combination of different scales used in sensory evaluation promotes more critical evaluation 
and offers various insights for product improvement. Elastic net regression analysis has been 
shown to perform well for analysing this type of consumer and sensory data even under data 
constraints, while the regression trees allowed to simplify and graphically display the 
complex relationships among important determinants shaping WTP. The methodological and 
analytical approaches as exemplified in this paper through two case studies are therefore 
highly recommended for future studies. 
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8.1 Recapitulation of the research questions 
The overall objective of this dissertation is to inform the development of policy actions 
relating to health claims and reformulated meat products through the lens of consumers and 
stakeholders. Food products with authorised health claims and/or reformulated meat 
products are already on the market, signifying that these improved food choices have been 
made available. This dissertation seeks to provide an overview of the status quo and 
addresses what should be done next and how, using a series of consumer and stakeholder 
studies. The two case studies were selected because they represent each of the two main 
approaches in social marketing, namely (1) using health-related messages on food products 
in accordance with regulations that protect consumers (Case study 1), and (2) developing 
foods that are regarded as relatively healthier (Case study 2) (Aschemann-Witzel et al., 
2012). These two case studies are not directly linked, yet reformulation of processed meat 
products (Case study 2) is an initiative streaming from an intended benefit of the health 
claim regulation (Case study 1). Health claim regulation aims at attaining two streams of 
benefits, which are to inform consumers about the possibly healthier (or more self-relevant) 
options within a food category, and to encourage food producers to reformulate and make 
their products eligible to bear health claims that highlight the health benefits. However, 
health claims are not likely to be authorised on reformulated meat products. Section 8.3 will 
further elaborate this dilemma. In addition, the two case studies share several similarities in 
terms of the theoretical positioning as well as the limitations. Consumers’ food decision 
making process was studied with mainly cognitive measures, the affective or implicit inputs 
were not assessed, and thus the results could not distinguish whether the decision outcomes 
were built on the central processing route or peripheral processing route (c.f. Section 1.4.2. 
Theoretical framework: Micro-perspective). This marks an important limitation, as subliminal 
arousal can also influence attitude towards the stimuli, and consumers are sometimes 
unconscious about the reasons behind their behaviours (Bettiga et al., 2017). Another 
limitation is related to the stage of research development, in which the relevant strategies 
were derived based on the findings, according to marketing principles and consumer 
behavioural theories, but the actual effectiveness of these strategies is yet to be examined.  
A significant criticism has been that policy decisions are often not deduced from facts and 




consumer data (Schrage, 2014). As a part of analytic generalization (Yin, 2002), the specific 
research questions and corresponding answers are transferred and applied to the context of 
social marketing principles, using Andreasen’s six criteria, so as to provide additional insights 
beyond the empirical findings, and demonstrate how data can be translated into insights 
that address consumers’ needs. Table 8.1 provides the answers to the specific research 
questions based on findings from case study 1 (health claim regulation) and Table 8.2 
corresponds to the findings from case study 2 (product reformulation). 
Table 8.1 Summary of findings from case study 1 as answers to the specific research questions based 
on Andreasen’s six criteria of social marketing initiatives  
Criteria Specific research questions and findings that address the literature gap 
 Case study 1 – Health claim regulation 
Behaviour 
change 
Fundamental focus of the initiative: To use the regulated health claims 
Consumer 
research 
Understanding of consumers  
RQ1 (Chapter 2) 
RQ1a: How do consumers perceive the existing authorised health claims? 
The existing authorised health claims were perceived as moderately familiar, 
understandable and credible. Heterogeneity within the 10 European countries was 
rather limited regarding the highest and lowest rated health claims and country effect. 
Interaction between the active ingredients and claimed health benefits seems more 
important in shaping how health claims were perceived. The concept of health 
outcomes (e.g. heart health) was too wide to explain the difference in ratings. Thus, 
perception towards health claims should ideally be studied with specific examples. 
 
RQ1b: What are the links between health claim use and health relevance (i.e. 
consumers who or whose household members have the claimed health problems 
and/or perceive the claimed health conditions as important)? 
Health claim use was not consistently linked to health relevance. There is some 
evidence that the use of plant sterols and stanol esters health claim featuring 
cholesterol-lowering effect was attributed to the presence of high blood cholesterol in 
oneself or in household members, but not attributing to the prevention of high blood 
cholesterol. Only certain health claims have reached or been used by the primary 
target market for whom they have specific health relevance, better targeted 





RQ2 (Chapter 3) 
RQ2a: How much do consumers know about health claims on food products? 
Health claim-related knowledge was moderate to fair. Consumers were most aware of 
the fact that ‘a healthy cardiovascular system’ is linked with heart health, while they 
were the least aware of the fact that increased iron absorption in the intestines is not 
a benefit gained from fibre. 
 
RQ2b: To what extent do consumers use health claims? 
In general, consumers’ level of health claim use was moderate. The ‘Attentive’ 
consumers (27.5% of the studied sample) quite or very often use health claims and 
generally agree that they use the specific health claims while food shopping. 
‘Indifferent’ consumers (33.3%) sometimes use health claims and generally neither 
agree nor disagree that they use the specific health claims while food shopping. 
‘Distracted’ consumers (39.2%) accounted for the biggest proportion, they rarely or 
never use health claims and generally disagree that they use the specific health claims 
while food shopping.   
 
RQ2c: What are the attitudinal and cognitive determinants that increase consumers’ 
health claim use? 
Motivation to process health claims was a key attitudinal determinant of health claim 
use. Ability increased health claim use to a much smaller extent, but was strongly and 
positively influenced by motivation. In order to be motivated, consumers are required 
to experience a need for health-related information, which in turn is driven by an 
interest in healthy eating.  
Segmentation 
and targeting 
RQ3 (Chapter 3) 
RQ3a: How are consumers segmented based on their level of health claim used? 
Consumers were segmented based on frequency of health claim use and use of 
specific health claims. Three segments were identified namely ‘Attentive’, ‘Indifferent’ 
and ‘Distracted’ (see findings for RQ2b above). 
 
RQ3b: What are the similarities and/or differences in the characteristics of consumer 
segments with different levels of health claim use? 
The proportions of gender and age groups were evenly distributed across the 
segments. Health claim use was higher among consumers from Southern Europe and 
lower in Northern and Western Europe. ‘Attentive’ was overrepresented by 
consumers with a tertiary education level or above, who were the main grocery 
shoppers for the household, having a special diet status and having a normal weight. 
In contrast to ‘Attentive’, ‘Distracted’ were overrepresented by an education below 
tertiary level, not the main grocery shoppers for the household, not on a special diet, 
as well as having an obese bodyweight. Bread and dairy products were consumed at 
least five times a week by all segments. For certain products such as breakfast cereals, 
fruit juice, mineral water, and nuts and dried fruit, ‘Attentive’ had the highest 




The three segments differed in the overall ratings for the specific health claims in 
relation to familiarity, understandability and credibility. ‘Attentive’ gave the highest 
ratings for all aspects, followed by the ‘indifferent’ and then the ‘distracted’. 
 
RQ3c: What are the strategies tailored to promote health claim use or meet the 
information needs of different segments? 
As socio-demographic characteristics only described the health claim user segments to 
a small extent, the strategies mainly focus on consumption frequency of food products 
carrying health claims. To meet the information needs of ‘Attentive’, it could be 
worthwhile for nuts and dried fruit producers to invest in health claims, since the 
effect size of consumption frequency of nuts and dried fruit was relatively large in 
explaining the segments, while there have only been two authorized health claims on 
these foods until now (the end of 2017) (EC, 2017). For ‘Indifferent’ and ‘Distracted’, 





- The target behaviour: to use health claims (intangible) 
- All food products that bear health claims (tangible)  
All research questions 
Price 
RQ4 (Chapter 4): What evidence and implications can be derived from a wide range of 
consumer studies (that are related to price)? 
Consumers valued food healthiness and placed additional value on health symbols 
based on Dutch and Danish scanner data (Edenbrandt et al., 2017). 
 
RQ5 (Chapter 4): How meaningful are the policy recommendations and 
communication guidelines (that are related to price) in terms of relevance and 
feasibility? 
The policy recommendation was to increase the prices for products with health 
symbols (in The Netherlands and Denmark) in order to cover the extra costs of using 
health symbols or producing healthier food products that fulfil the criteria for using 
health symbols. Regarding communication guideline, the finding suggests informing 
food producers that the consumers are willing to pay the potentially additional costs 
to improve the healthiness of food products and to fulfil the criteria for carrying health 
symbols. Nevertheless, stakeholders clearly disapproved of the idea of increasing the 
prices for products with health symbols, as increasing prices could reduce consumer 
demand and eventually discourage the use of health symbols. 
Place 
N/A - Point-of-purchase (e.g. Retail stores that sell pre-packaged food products), food 




RQ3 (Chapter 3) (see findings for RQ3 above).  
RQ4 (Chapter 4): What evidence and implications can be derived from a wide range of 
consumer studies? and RQ5 (Chapter 4): How meaningful are the policy 
recommendations and communication guidelines in terms of relevance and feasibility? 
Most findings, policy recommendations and communication guidelines reported in 
Table 4.2 address the dimension of promotion. Consensus from stakeholders suggests 
that policy priority should focus on ways to improve motivation and interest in healthy 
eating. Consumers’ interest in healthy eating could be increased by adopting 
appropriate communication strategies such as using innovative ways to communicate 
the importance of healthy eating, which may aim to change the possible negative 
association between healthiness and tastiness. 
Exchange RQ1 (Chapter 2)  
Benefits: Scientifically-sound health claims are expected to support informed food 
choices (van buul & Brouns, 2015) and help consumers identify foods or food 
components with the relevant health benefits (Dean, Lampila, Shepherd et al., 2012). 
Nevertheless, the benefits were not directly examined in this dissertation (see findings 
for RQ1b above for the role of health relevance in health claim use). 
  
RQ4 (Chapter 4) 
Costs: The costs of using health claims include time and cognitive effort, and the extra 
cost of food products bearing health claims (where applicable) but they were not 
directly examined in this dissertation (see findings for RQ4 and RQ5 above at Price). 
Competition RQ2 (Chapter 3) 
RQ2c: What are the attitudinal and cognitive determinants that reduce consumers’ 
health claim use? 
Cognitive determinant such as health claim-related knowledge is negatively linked to 
motivation to process health claims.  
 
RQ3 (Chapter 3) 
RQ3a: How are consumers segmented based on their level of health claim use? 
Specifically, the profile of segment with a lower level of health claim use. 





Table 8.2 Summary of findings from case study 2 as answers to the specific research questions based 
on Andreasen’s six criteria of social marketing initiatives 
Criteria Specific research questions and findings that address the literature gap 
 Case study 2 – Product reformulation 
Behaviour 
change 
Fundamental focus of the initiative: To purchase and consume reformulated meat 
products with reduced nitrite levels and added phytochemicals 
Consumer 
research 
Understanding of consumers 
RQ6 (Chapter 5) 
RQ6a: How do consumers react to the concept of the reformulated meat products 
(from both consumer and stakeholder points of view)? 
This concept was generally favoured by consumers and stakeholders, as nitrite 
received a negative health image among consumers, while phytochemicals were 
generally perceived as natural and healthy. 
 
RQ6b: What are the similarities and/or differences in the views of consumers 
compared to stakeholders? 
Both stakeholders and consumers regarded the healthiness and safety of meat 
products as very important. Stakeholders found the improvement of the health 
image of meat products deserved the highest priority though this was not 
explicitly stated. By contrast, consumers were more concerned about the actual 
healthiness of meat products and worried that reformulated meat products would 
be a marketing gimmick instead of a genuine quality improvement. For 
stakeholders, acceptance was related to the possible improved health image and 
was driven by justification from the perspective of corporate social responsibility. 
For consumers, the acceptance of this concept was mainly based on the belief that 
replacement of the chemical additive nitrite by phytochemicals could enhance the 
naturalness. While stakeholders were more worried about the colour 
development of the reformulated meat products, consumers’ concerns were 
mainly related to taste, healthiness and shelf-life. 
 
RQ6c: What are the potential challenges in the development of reformulated meat 
products in relation to consumer acceptance? 
The reformulated meat products should ideally have the same or at least an 
acceptable colour, desirable taste and texture, and be safe for consumption. In 
addition to the technological aspects, matching consumers’ perceptions with facts 
about ingredients emerges as the main communication challenge, e.g. E-numbers 
have been largely maligned and misunderstood by consumers and the current 
legislation and state of scientific knowledge would not allow health claims to be 
made for processed meat products 
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RQ7 (Chapter 6) 
RQ7a: How much do consumers know about nitrite and processed meat products? 
Consumers generally had limited knowledge about nitrite being added to meat 
products. Almost half of the consumers had never heard of nitrite being added to 
processed meat products. For those who have heard of nitrite, the majority knew 
that nitrite is added to processed meat products for prolonging their shelf-life and 
improving the colour of the meat, but not for creating an addiction towards or 
increasing the protein content of meat. 
 
RQ7b: To what extent do consumers intend to purchase the reformulated meat 
products? 
Consumers’ attitude and purchase intention towards the reformulated meat 
products were generally favourable. The consumers who were grouped as 
‘Enthusiasts’ (39.3% of the studied sample) had high levels of attitude and 
purchase intention. ‘‘Accepters’’ (11.9%) had a strongly positive attitude, but 
moderate level of purchase intention. ‘Half-hearted’ (42.3%) had moderate levels 
of attitude and purchase intention. ‘Uninterested’ (6.5%) had low levels of attitude 
and purchase intention. 
 
RQ7c: What are the determinants that increase consumers’ interest in the 
reformulated meat products? 
Attitude towards the reformulated meat products was the main driver for 
consumers’ purchase intention. Purchase intention was also positively linked to 
higher levels of preference for natural over chemical additives in food, perceived 
harmfulness of chemical additives, risk importance, attitude towards innovation in 
food, awareness of nitrite added in processed meat products, general health 
interest, processed meat consumption frequency and education level. 
 
 Pre-testing with the target segment 
RQ9 (Chapter 7) 
RQ9a: Do consumers accept the reformulated meat products (in terms of sensory 
aspects)? 
The two tested reformulated meat products (cooked sausage and cooked ham) 
were acceptable for consumers in terms of sensory aspects, yet most attributes 
were not ideal. Consumers’ preferences for conventional and reformulated 
cooked sausage were not significantly different, while significantly more 







RQ8 (Chapter 8) 
RQ8a: How are consumers segmented based on their attitude and purchase 
intention towards the reformulated meat products? 
Four segments were identified, namely ‘Enthusiasts’, ‘Accepters’, ‘Half-hearted’ 
and ‘Uninterested’ (see findings for RQ7b above).  
 
RQ8b: What are the similarities and/or differences in the characteristics of 
consumer segments with different levels of interest in the reformulated meat 
products? 
‘Enthusiasts’ were underrepresented by consumers from Germany, predominantly 
females, having obtained an education level of Bachelor’s degree or higher and 
had a relatively positive perceived financial situation. The majority of ‘Accepters’ 
were accounted for by consumers from Germany and the Netherlands, and the 
least from Italy. ‘Half-hearted’ had a proportional distribution similar to the 
characteristics of the overall sample. ‘Uninterested’ was characterized by an 
overrepresentation of consumers from Italy and less from Belgium, as well as by 
more consumers with normal weight and less with who were obese, and who had 
obtained an education level below Bachelor’s degree. Moving along the groups 
from ‘Uninterested’ to ‘Half-hearted’, then to ‘Accepters’ and to ‘Enthusiasts’ 
indicates an increase in consumer interest, and it was higher among consumers 
with a higher level of preference for natural over chemical additives in food 
including meat, and more positive attitudes towards consumption of the 
reformulated meat products. 
 
RQ8c: What are the strategies tailored to promote the reformulated meat 
products for different segments? 
‘Enthusiasts’ are expected to be willing to try or purchase the reformulated meat 
products without much marketing effort. As attitude was the main driver for 
purchase intention, ‘Accepters’ and ‘Half-hearted’ can be primary targets of 
interest in stimulating adoption. Marketing and communication efforts stimulating 
trial and experience (e.g. sampling) can enhance future purchase intention for 
‘Accepters’. For ‘Half-hearted’, their attitude can be made more positive by 
providing more extensive information, such as advertisements or product labelling 
that highlights the benefits of the products. As ‘Uninterested’ were featured as 
having lower awareness of nitrite added to meat, the communication strategy 
targeting ‘Half-hearted’ may as well positively influence the ‘Uninterested’ by 
increasing awareness. However, precautions should be taken, as the 
‘Uninterested’ might be merely unresponsive. Besides, this segment was 
predominantly composed of a lower education level, which is positively linked to 
information comprehension due to improved understanding (Grunert et al., 2010). 
Communicated messages have to be comprehensive yet clear and simple enough 






- The target behaviour: to purchase and consume reformulated meat products 
(intangible) 
- The reformulated meat products (tangible) 
All research questions 
Price 
RQ9 (Chapter 7) 
RQ9b: How much are consumers willing to pay for the reformulated meat 
products? 
Consumers’ average WTP for the reformulated cooked sausage was €0.92 per 
150g, which was significantly lower than the given market reference price for 
conventional cooked sausage (€1.19 per 150g). The average WTP for the 
reformulated cooked ham was €1.36 per 100g, which was also significantly lower 
than the market reference price for the conventional cooked ham (€2.19 per 
100g). 
Place 
N/A - Point-of-purchase (e.g. Retail stores that sell processed meat products) 
Promotion 
RQ8 (Chapter 6) (see findings for RQ8 above). 
RQ9 (Chapter 7)  
RQ9c: What are the effects of sensory attributes and information exposure on 
consumers’ WTP for the reformulated meat products? 
In terms of sensory attributes, WTP was positively influenced by a higher level of 
overall liking, appearance familiarity and a better rating for colour, but negatively 
influenced by a stronger experience of aftertaste and darker colour. The other 
determinants of WTP differ for different products. An order effect of tasting and 
information exposure was in line with the expectancy-disconfirmation model of 
consumer satisfaction. In the case with reformulated cooked sausage, tasting 
experience for the reformulated product was not favourable enough to meet the 
expectation raised by its appearance and the presented information. This 
discrepancy has caused disconfirmation and the resulting dissatisfaction was 
reflected in a lower WTP. By contrast, the reformulated cooked ham surpassed 
consumers’ taste expectations, based on its appearance and the presented 
information; confirmation occurred and consumer satisfaction was expressed in a 
higher WTP. These findings point out a crucial success factor, in which the 
products must meet or exceed the sensory expectations raised by their 





Exchange RQ6 (Chapter 5)  
Benefits: The reformulated meat products are expected to be healthier compared 
to the conventional meat products (see justification in Section 1.2.2). The initiative 
of reformulation results in new variety of processed meat products, and 
consumers who have nitrite-related concerns would not have to forfeit the 
pleasure of eating processed meat products. Nevertheless, the benefits were not 
directly examined in this dissertation (see findings for RQ6b above for the reasons 
of acceptance as the perceived benefits). 
  
RQ9 (Chapter 7) 
Costs: The costs of purchase and consumption are the potentially higher prices for 
reformulated meat products and the willingness to try new products (especially 
for consumers with a high level of food neophobia), but they were not directly 
examined in this dissertation (see findings for RQ9b above at price). 
Competition RQ6 (Chapter 5)  
See findings for RQ6c above for the potential challenges regarding consumer 
acceptance. 
 
RQ7 (Chapter 6) 
RQ7d: What are the determinants that decrease consumers’ interest in the 
reformulated meat products? 
Certain geographic factors influence consumers’ interest in the reformulated meat 
products, consumers from Italy and Germany had a lower level of purchase 
intention compared to Belgium. 
 
RQ8 (Chapter 6) 
RQ8a: How are consumers segmented based on their attitude and purchase 
intention towards the reformulated meat products? Specifically, the profile of 
segment with a lower level of interest in the reformulated meat products.  
See findings for RQ3b above, specifically the profile of ‘Uninterested’. 
 
RQ9 (Chapter 7)  




8.2 Limitations and implications for future research 
Limitations and recommendations for future research related to the specific studies 
regarding study designs or analytical methods have been acknowledged in the empirical 
chapters. In Chapter 2, 3, 6 and 7, the cross-country studies have used the same scales in 
different countries, in which potential cultural biases might be present. Study of Van Herk et 
al. (2004) revealed that respondents in the Mediterranean countries had a higher 
acquiescent response tendency than those in the North-western European countries. In 
other words, individuals with a high tendency toward acquiescence tend to rate items 
comparatively higher than those with a lower tendency to acquiesce. Nevertheless, there 
were usually considerable differences between the studied countries, in addition to those 
that can be explained by cultural differences in response bias (Harzing, 2006). Rammstedt et 
al. (2017) reported that only 15% of the variance in acquiescence could be explained by 
country differences, while the remaining 85% was due to individual variations among the 
respondents within the countries. A solution to reduce acquiescence ex ante was to use 
balanced scales (Billiet & McClendon, 2000), in which half the items are worded in a positive 
direction and half in a negative direction, such as the Likert scales. Though Likert scales were 
used primarily in these chapters, future studies should take caution prior to drawing 
conclusion from these cross-country studies. 
This section focuses on the limitations of this dissertation in the context of social marketing, 
based on the findings structured in Table 8.1 and Table 8.2, which shed light on directions 
for future research. Application of social marketing to its full extent offers potential to 
achieve the behavioural objectives (Carins et al., 2014). However, not all criteria could be 
adequately addressed, especially in relation to the criteria Exchange and Competition. It is 
generally difficult to detect evidence of benefits stemming from policy actions that aim to 
improve food choice. Consumers might be able to report their perceived benefits e.g. 
indirectly through health relevance and health claim use or reasons for accepting the 
reformulated meat products, but the potential health benefits of foods are temporally 
distant and can hardly be sensed. Besides, it is unlikely that having new variety of food 
products in the long term would be a salient benefit from the consumers’ viewpoint. Thus, it 
is expected to be challenging to convince consumers to engage in, or repeat, the target 




considering consumers have to believe that the benefits outweigh the cost (French & Blair-
Stevens, 2006). Habitualised or competing behaviours offer immediate satisfaction that 
creates a barrier to the target behaviour (Carins et al., 2014), yet competition was not 
examined directly nor in detail in this dissertation, marking another limitation. In-depth 
competitive research is recommended for future studies to examine the environment, such 
as point-of-purchase at the retail stores, in which consumers are making behavioural 
decisions, and to understand what may potentially compete with the target behaviours 
(Lefebvre, 2013), for example, other information on food packages or in the stores that 
compete for consumers’ attention for health claims (case study 1); or other processed meat 
products that compete for consumer choice or budget for purchasing the reformulated meat 
products (case study 2). Time poverty characterises modern lifestyles and results in 
suboptimal food choice (Anekwe & Rahkovsky, 2013). Excessive marketing communications 
that emphasise food pleasure favouring unhealthy food choices, have brought about a 
general assumption that healthy foods do not taste as pleasant as unhealthy foods (Mela, 
2006). These are two common sources of competition in these cases. Hence, further 
research should recognize the cause of existing competitions and consumers’ perceived 
barriers to perform the target behaviour, as well as identify potential strategies to limit the 
extent of promotions that encourage suboptimal food choice. Meanwhile, a thorough 
competitive analysis can also address the element Place in the marketing mix, which was 
outside the scope of this dissertation. Such analysis provides insights into strategies to 
ensure that the target behaviours are feasible and convenient, and the related food 
products are accessible at the right time (Croyle, 2005). In relation to competitive analysis, 
future research can consider using the ANGELO (ANalysis Grid for Environments Linked to 
Obesity) framework as a comprehensive guiding tool to analyse the environmental 
influences on behaviours. This framework takes into account the four types of environment, 
namely physical, economical, political and sociocultural, in both micro settings and macro 
sectors (Swinburn et al., 1999).  
Finally, many social marketing initiatives focus only on Promotion of the marketing mix, 
using persuasive communications (Lefebvre, 2011). A strength of this dissertation pertains to 
the wide-ranging coverage of findings in the context of social marketing. In addition to the 
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usual Andreasen’s six criteria, the food pleasure aspect in terms of sensory attributes of the 
reformulated meat products was also incorporated into case study 2. Pettigrew (2016) found 
that Pleasure has been under-utilised in social marketing, despite it being an important and 
multi-faceted concept that encompasses consumers’ anticipation, consumption, experience 
of rewards associated with foods and future purchase intention (Kringelbach et al., 2012; 
Tuorila, 2015). Therefore, future studies aiming to inform or develop policy actions that 
improve food choice should also take food pleasure focus into account, so as to identify 
tactics to promote the target behaviours or position healthier food products as alternative 
sources of food pleasure that have been made available to consumers.   
8.3 Additional thoughts about the two case studies 
Food policies have been classified into two broad categories, namely policies supporting 
more informed choice and policies aimed at changing the market environment (Mazzocchi et 
al., 2010). Considering the primary goals of the two case studies, case study 1 – health claim 
regulation constitutes a policy action to support more informed choice by ensuring the 
scientific soundness of health claims on food products; while case study 2 – product 
reformulation serves as an example of policy action to change the environment by making 
improved processed meat options available on the market. The series of consumer and 
stakeholder studies indicate that the authorised health claims and reformulated meat 
products were generally welcomed by consumers. This is consistent to the findings of 
Mazzocchi et al. (2015). This acceptance may be explained by the relatively lenient approach 
of the two policy actions, in which consumers are provided with options and encouraged to 
adopt them, but without any behaviour being forbidden or imposed.  
Apart from these two case studies, there exists a wide range of policy actions to promote 
healthy eating, such as public information campaigns, advertising controls, nutrition 
education, nutrition information on menus (categorized as measures to support informed 
choice), and regulation of school and workplace meals, fiscal measures, subsidies to 
disadvantaged groups, nutrition-related standards (categorized as measures to change the 
market environment). Although health claim regulation and product reformulation have 
received relatively high level of public support compared to other policy actions (Mazzocchi 




Health-related information is vital to informed choice, but informed choice is not necessarily 
healthier (Mazzocchi et al., 2010), and it is not clear whether health claims are effective in 
instigating behavioural change among consumers (Traill et al., 2013). Health-related 
information results in positive impact on public awareness with strong evidence, but the 
results on dietary outcomes are mixed (Capacci et al., 2012). On the other hand, product 
reformulation is potentially effective at reducing intakes of unhealthy ingredients or 
nutrients. However, the actual or counterfactual effects on dietary outcomes are yet to be 
studied (Brambila-Macias et al., 2011). Policy actions that focus on changing whole dietary 
patterns appear more promising in pursuing the public health goal, but consumers do not 
always behave rationally nor do they appreciate restrictive policy approaches. Moreover, 
consumers usually do not have knowledge about the overall nutritional composition of their 
meals (Mayer 2008), even when they are motivated to seek for the information, they are not 
always able to judge whether the information is scientifically sound (Anderson, 2016). 
Hence, despite the fact that the magnitude of effect brought by health claim regulation and 
processed meat product reformulation is likely to be marginal in supporting healthy eating, 
they should still be in place and implemented in combination with other policy actions.  
The two case studies highlight a dilemma in the implementation of policy actions which were 
intended to be complementary. While health claim regulation (case study 1) aims to foster 
innovation in the food sector, some evidence suggests the opposite effect (Bröring et al., 
2017). The regulation has, in fact, posed challenges and constraints for product innovation. 
As a result, food industries are discouraged from developing new products or undertaking 
radical innovation, but rather engage in incremental innovation (Koehler 2013), such as the 
reformulation of processed meat products (case study 2). Besides, neither successful 
scientific substantiation of a health claim nor successful food innovation guarantees that the 
health claim will be authorised (Pravst et al, 2017). While consumers find communication 
about the healthiness of processed meats more credible if it is certified by trustworthy 
authorities, it is unlikely that health claims will be permitted on processed meat products 
under the current legislation and state of knowledge. Therefore, producers of certain 
reformulated food products may have to look for ways to improve consumer appeal other 
than by using health claims, which may encourage the use of other claims or marketing 
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messages that are not regulated. This questions the objective of health claim regulation in 
fostering food innovation and hampers the effective implementation of such a regulation.  
In spite of the stringent regulation and standardization of EFSA, consumers tend to perceive 
health claims and functional meat products as merely marketing gimmicks (Lalor et al., 2011; 
Shan et al., 2016). Chapter 5 highlights that matching consumers’ perceptions with facts 
about ingredients emerges as communication challenge. In Case study 2, ‘phytochemicals’ 
was termed as ‘natural extracts’ in the consumer studies, although natural extracts are not 
exactly the same as phytochemicals in terms of chemical compositions. Natural extracts are 
broader and includes more than just phytochemicals. Phytochemicals are usually biologically 
active secondary metabolites, such as polyphenols, which consist of large multiples of 
phenol structural units. Natural extracts can be any compounds of plant (or animal) origin, 
including primary metabolites, such as amino acids, simple sugars, etc. Yet, natural extracts 
were used in the studies, because phytochemicals are expected to be less understandable 
for consumers and unlikely to be used on a product label. In contrast, ‘phytochemicals’ 
would be too unprecise from the point of view of EFSA. The chemical compounds (e.g. 
polyphenols) must be specified in the application for health claim approval, even though the 
specific compounds may be less understandable for consumers. This again highlights the 
challenge to achieve the right balance between scientific soundness and consumer 
understandability of health claims. 
When health claim regulation stresses the importance of consumer understanding (EC, 
2006b), the likelihood of being able to assess and generalize consumer understanding for all 
health claims to come up with a fair and practicable standard is remote, due to the vast 
heterogeneity involved. Knowledge was the strongest indicator of ability to understand 
health-related information correctly (Grunert et al., 2010), yet the results show that 
objective knowledge only determines health claim use to a limited extent. As for the other 
case study, objective knowledge about nitrite in processed meats also plays only a minor 
role in shaping intention to purchase the reformulated meats. Meanwhile, interest in 
healthy eating emerges as a subtle, but potential, success factor in achieving the behavioural 
goals from both case studies. Consumers who have a high level of interest in healthy eating 
tend to believe the importance of health promoting behaviour and thus make food choices 




address the possible negative association between healthiness and tastiness may reduce 
consumers’ perceived cost of compromising taste for healthiness to a small extent. Two-
sided messages were found to yield positive outcomes in knowledge, attitude and behaviour 
based on a review on social marketing strategies (Luca & Suggs, 2010). In addition to 
communication strategies that increase interest in healthy eating, nudging may also be an 
effective way to make health goal more salient or steer consumers to unobtrusively make 
healthier food choice during their purchase (Vandenbroele et al., 2018). Although it may be 
economically interesting, foods carrying health claims and reformulated meat products 
should not be marketed as healthy per se, as evidence shows only marginal improvement in 
healthiness (de Kok et al., 2015; Kaur et al., 2016), and the long-term diet-health effects are 
unknown. Moreover, food items marketed as healthy may create a ‘health halo’, where 
consumers are misled and over-consume the promoted food items (Wansink & Chandon, 
2014), or misuse them as a non-target group. For example, food products with health claims 
for plant sterols and stanol esters have also been consumed by the non-cholesterol 
challenged (Sioen et al., 2011).  
By contrast, a Belgian health organization has recently published a new food pyramid, 
wherein processed meat products have been removed from the pyramid and grouped with 
junk food that should be avoided as far as possible (VIGeZ, 2017). Meat products play an 
important role in the Belgian and European diet. While the meat industry is proactively 
bringing their products more in line with the dietary recommendations, such a 
recommendation may be rather discouraging for further product reformulation, as it 
worsens the health image of processed meat products and poses additional challenges in 
communications to consumers. There have been vigorous objections and lobbying from the 
meat industry, questioning the scientific validity of such a recommendation, where the main 
concern is related to the possible failure in meeting the nutritional needs of vulnerable 
groups. This recommendation may also be questionable in terms of consumer protection 
issues, given that the definition of processed meats or the so-called ultra-processed foods 
are overly-broad and ambiguous (Gibney et al., 2017). Therefore, in order to align consumer 
protection issues with public health and food marketing interests, future policy efforts 
should aim to increase consumers’ interest in healthy eating in the context of a balanced 
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diet, instead of promoting food products as simply healthy or unhealthy. Consumers are not 
expected to change their eating behaviour drastically, yet their interest in healthy eating 
would encourage behaviours that are beneficial and relevant for their health, in which the 
temporal distant health benefits brought by improved food choices may eventually seem 
more valuable when it comes to exchange in the social marketing goal. 
 
8.4 Concluding remarks 
Poor diet constitutes a key risk factor for non-communicable disease development. Despite 
numerous policy actions being in place, WHO’s public health goal still seems out of reach. 
This calls for a reorientation of policy efforts that integrate consumer insights and create 
public demand for improved food choice. This dissertation serves to explore and explain 
consumers’ food choice behaviours and stakeholders’ views, based on two case studies: (1) 
health claim regulation, and (2) product reformulation in relation to processed meats, in an 
attempt to inform future development of these policy actions.  
With regard to the authorised health claims on the EU food market, health claims have been 
perceived as moderately familiar, understandable and credible by consumers. However, 
health claim use is moderate and not consistently linked to health relevance, meaning that 
the primary target market has not been well penetrated. In addition, motivation emerged as 
a key determinant of consumers’ health claim use, while ability and knowledge only play a 
minor role, contrary to the emphasis of consumers’ understanding anticipated in the 
regulation. Policy priority should focus on improving consumer motivation and interest in 
healthy eating by adopting appropriate communication strategies, such as using innovative 
ways to change the possible negative association between healthiness and tastiness. 
Concerning the reformulated meat products, the concept of nitrite replacement with 
phytochemicals was generally welcomed by stakeholders and consumers, in spite of the 
limited knowledge of consumers about nitrite. While the main technological challenge 
relates to sensory characteristics; the communication challenges pertain to matching 
consumers’ perceptions with facts about ingredients and the credibility of meat healthiness. 




their interests. Based on the prototype testing, the reformulated meats are acceptable or 
even appealing to consumers in terms of sensory aspects, although there was room for 
further improvement on certain attributes. Consumers’ WTP points out a crucial success 
factor in future reformulated meat development, in which the taste of the product must 
meet or exceed the sensory expectations raised by its appearance and associated 
information, as well as marketing communication.  
The research findings are incorporated within the context of Andreasen’s six criteria of social 
marketing as analytic generalization, so as to uncover the big picture for a more structured 
and applicable empirical contribution that explains the state of the art and guides future 
research. The two case studies highlight a dilemma that questions the objective of health 
claim regulation in fostering food innovation, which is expressed in the case of reformulated 
meat products. Future policy efforts should aim to increase consumers’ interest in healthy 
eating in the context of a balanced diet, instead of promoting food products as merely 
healthy or unhealthy, in order to align consumer protection issues with public health and 
food marketing interests. 
Lastly, this dissertation begins with the quote ‘you are what you eat’. After these eight 
chapters, perhaps the quote can now be completed by concluding with ‘so improve your 























1 Art.13.1.a EPA and DHA Heart health EPA and DHA contribute to the 
normal function of the heart 
2 Art.13.1.a Vitamin B12 Heart health Vitamin B12 contributes to normal 
homocysteine metabolism 
3 Art.13.1.a Sodium Heart health Reducing consumption of sodium 
contributes to the maintenance of 
normal blood pressure 
4 Art.14.1. a Plant sterols and 
plant stanol 
esters 
Heart health Plant sterols and plant stanol esters 
have been shown to lower/reduce 
blood cholesterol. High cholesterol is 
a risk factor in the development of 
coronary heart disease 




Docosahexaenoic acid (DHA) 
contributes to maintenance of 
normal brain function 
6 Art.13.1.b Zinc Brain 
function 
Zinc contributes to normal cognitive 
function 
7 Art.14.1.b Iron Brain 
function 
Iron contributes to normal cognitive 
development of children   
8 Art.13.1.a Fibre Digestive 
system 
Rye fibre contributes to normal 
bowel function 
9 Art.13.1.a Fibre Digestive 
system 
Wheat bran fibre contributes to an 
increase in faecal bulk 
10 Art.13.1.a Calcium Digestive 
system 
Calcium contributes to the normal 
function of digestive enzymes 
11 Art.13.1.a Vitamin A Immune 
System 
Vitamin A contributes to the normal 
function of the immune system 
12 Art.13.1.a Selenium Immune 
System 
Selenium contributes to the normal 
function of the immune system 
13 Art.13.1.a Calcium Bone health Calcium is needed for the 
maintenance of normal bones 
14 Art.13.1.a Vitamin C Bone health Vitamin C contributes to normal 
collagen formation for the normal 
function of cartilage 
15 Art.14.1.b Calcium and 
vitamin D 
Bone health Calcium and vitamin D are needed 
for normal growth and development 
of bone in children 
16 Art.13.1.a Fluoride Tooth health Fluoride contributes to the 
maintenance of tooth mineralisation 
17 Art.14.1. a Sugar-free  
chewing gum 
Tooth health Sugar-free chewing gum helps 
reduce tooth demineralisation. 
Tooth demineralisation is a risk 
factor in the development of dental 
caries 




Appendix 2.B Country effects on consumers’ evaluation of specific health claims 
based on familiarity, understandability and credibility 
Partial eta-squared (ηp²) indicates the multitude of effect sizes (n = 5337).   
 
 
Appendix 2.C National screening rate of blood cholesterol within the past year 
(counting from the year of data collection) (2013-2014)  
Countries Screening rate Sub-sample size 
Spain 69.0 149 
Czech Republic 56.9 146 
Greece 56.7 157 
Germany 56.4 151 
Lithuania 50.4 139 
Slovenia 48.2 159 
France 47.2 138 
United Kingdom 40.2 152 
Netherlands 33.3 141 
Denmark 32.7 147 
(n = 1479, only participants who have evaluated the cholesterol lowering health claim were 
included) 
Source: Eurostat, 2017  
 Median p-value ηp² 
 Familiarity with specific health symbols 3.00 <0.001 0.040 
 Subjective understanding of specific health symbols 3.40 <0.001 0.041 
 Credibility of specific health claims 3.25 <0.001 0.078 
 
218 
Appendix 3.A Factual knowledge test on health claim-related knowledge and 
frequency distribution (%) for the total sample (n=5337) 
1) Which of the following substances is scientifically proven to contribute to the normal 
function of the heart? Mark one answer only.  
 Trans fatty acids (2.1%) 
 Omega-3 fatty acids such as DHA and EPA (Correct answer) (79.4%) 
 Fructose (1.7%) 
 Sodium chloride (1.3%) 
 Don’t know (15.5%) 
 
2) Which of the following nutrients is NOT scientifically proven to contribute to the 
maintenance of normal bones? Mark one answer only.  
 Phosphorus (16.5%) 
 Vitamin D (5.8%) 
 Calcium (13.1%) 
 Fibre (Correct answer) (43.2%) 
 Don’t know (21.4) 
 
3) Which of the following health benefits is NOT contributed by fibre? Mark one answer 
only.  
 Increase iron absorption in intestines (Correct answer) (39.8%) 
 Normal bowel function (6.4%) 
 Increase in faecal bulk (23.0%) 
 Acceleration of intestinal transit (7.8%) 
 Don’t know (23.0%) 
 
4) What do you understand by the following health claim? Mark one answer only.   
‘Iron contributes to normal cognitive function’ means: 
 Iron contributes to normal brain function (Correct answer) (53.6%) 
 Iron contributes to normal joint function (8.7%) 
 Iron contributes to normal bowel function (6.4%) 
 Iron contributes to normal anti-aging effect (5.9%) 
 Don’t know (25.4%) 
 
5) What do you understand by the following health claim? Mark one answer only.     
‘Omega-3 fatty acids help to maintain a healthy cardiovascular system’ means: 
 Omega-3 fatty acids help to maintain heart health (Correct answer) (82.7%) 
 Omega-3 fatty acids help to maintain bone health (2.3%) 
 Omega-3 fatty acids help to maintain gut health (2.6%) 
 Omega-3 fatty acids help to maintain brain health (4.1%) 
 Don’t know (8.3%) 
  




Appendix 3.B Segment profiles in terms of attitudinal and cognitive determinants in 
explaining health claim use  
Segment size: n (% of sample) 
Medians 
Attentive Indifferent Distracted 
p-value  ηp² 
1468 (27.5) 1776 (33.3) 2093 (39.2) 
Motivation to process health claims 4.00c 3.33b 2.00a <0.001 0.515 
Ability to process health claims 3.67c 3.00b 2.67a <0.001 0.300 
Needs for information 4.00c 3.67b 3.00a <0.001 0.245 
Health claim-related knowledge 3.00b 3.00b 3.00a <0.001 0.005 
Interest in healthy eating 3.75c 3.25b 3.00a <0.001 0.144 
The superscripts a – c indicate significantly different medians across the three segments at the 0.05 level in 
ascending order. Partial eta-squared (ηp²) indicates the multitude of effect sizes (n = 5337).
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Appendix 4.A Evaluation from the Delphi method round 2 
4.A.i Policy recommendations 
 
Figure 4.A.1 Evaluation of policy recommendation p. based on two criteria (n = 89) (p. Provide 
accurate information about new or less familiar nutrients of food components for consumers) 
 
Figure 4.A.2 Evaluation of policy recommendation z. based on two criteria (n = 82) (z. Promote 
the use of a toolbox of tested methods for various purposes and applications by different 
stakeholder groups, notably for the use by regulators and industries i.e. CUT method, laddering, 
choice experiments, eye-tracking, epidemiological studies or experiments, etc.) 





Figure 4.A.3 Evaluation of policy recommendation n. based on two criteria (n = 94) (n. Increase 




Figure 4.A.4 Evaluation of policy recommendation a. based on two criteria (n = 81) (a. Identify 
and profile consumer segments to support well-targeted policy actions that also take into 





Figure 4.A.5 Evaluation of policy recommendation s. based on two criteria (n = 82) (s. Call for 
research on the interaction between information on pack and the individual consumer’s 




Figure 4.A.6 Evaluation of policy recommendation o. based on two criteria (n = 89) (o. Appoint 
a national authority or identify the institutes responsible for informing or educating consumers) 
 





Figure 4.A.7 Evaluation of policy recommendation v. based on two criteria (n = 83) (v. Do not 
focus only on education or other means to increase objective knowledge about health claims, 




Figure 4.A.8 Evaluation of policy recommendation c. based on two criteria (n = 72) (c. 
Encourage collaboration between stakeholders. Empower them to measure and monitor the 





Figure 4.A.9 Evaluation of policy recommendation b. based on two criteria (n = 75) (b. Appoint 




Figure 4.A.10 Evaluation of policy recommendation q. based on two criteria (n = 84) (q. Include 
data on consumer understanding as a generic description in obtaining approval from EFSA) 
  




4.A.ii Communication guidelines 
 
Figure 4.A.11 Evaluation of communication guideline xiii. based on two criteria (n = 77) (xiii. 
Use innovative ways to communicate the importance of healthy eating, aiming to change the 




Figure 4.A.12 Evaluation of communication guideline x. based on two criteria (n = 81) (x. Keep 
communication simple and clear, avoid overly complex supporting information that uses 
scientific and/or regulatory jargon. At the same time limit propositions that are not fully 





Figure 4.A.13 Evaluation of communication guideline xi. based on two criteria (n = 78) (xi. 
Considering that consumers do not interpret health claims and health symbols as experts do, 
communication should be clearly explaining what health claims and health symbols mean and 




Figure 4.A.14 Evaluation of communication guideline ii. based on two criteria (n = 64) (ii. 
Provide additional information on product categories bearing health claims and health symbols 
and the meaning of health claims and health symbols in the context of a balanced diet) 





Figure 4.A.15 Evaluation of communication guideline xiv. based on two criteria (n = 83) (xiv. 
Inform consumers about the EC Regulation 1924/2006, whereby health claims are authorised 
only when they are substantiated by scientific evidence and proven to be understood and 
meaningful to average consumers. Use information from sources that are independent and 




Figure 4.A.16 Evaluation of communication guideline xix. based on two criteria (n = 78) (xix. 





Figure 4.A.17 Evaluation of communication guideline i. based on two criteria (n = 62) (i. Take 





Figure 4.A.18 Evaluation of communication guideline xxii. based on two criteria (n = 75) (xxii. 
Communicate the possible benefits of using health symbols correctly with the aim to increase 
consumers’ preferences for health symbols) 





Figure 4.A.19 Evaluation of communication guideline xii. based on two criteria (n = 69) (xii. 
Inform consumers that the prevalence of claims is not necessarily reflective of health priorities. 
Encourage larger communication campaigns, e.g. to explain how health claims (or health 





Appendix 5.A Verbatim quotes from stakeholders and consumers 
Box 1. Stakeholder reactions towards reformulated meat products, example verbatim 
quotes 
Perceived importance of developing reformulated meat products 
A ‘My interest in healthy meats? Yes, I think that healthy eating is important for everyone. And 
we, as meat industry, would like to participate.’ (Producer) 
B ‘For us, food and health are inextricably connected. If there is a promising package of what to 
produce and what to do to make consumers eat healthier, we will definitely participate.’ 
(Ingredient supplier) 
C ‘We have been working for three years on the project of reducing E-numbers in general, 
including nitrite.’ (Food expert) 
D ‘I doubt whether it (the communication) is credible… You do not need claims. You can 
communicate it and consider it as corporate social responsibility. Nitrite is possibly 
carcinogenic; we shall try to decrease it (its use in meat products). If that can be done via 
plant extracts etc., we are morally obliged to do it.’ (Producers’ association) 
Reduction or elimination of nitrite in meat products 
E ‘I think in terms of relevance, nitrite is related to other foods more than meat products, there 
is much more formed in your gut than from meats. In contrast, there is a potential threat or 
concern: the amount of haem iron. For example, in beef, which may have an impact on 
consumers’ health.’ (Ingredient supplier) 
F ‘If you talk about the current issues in the field of public health linked to meat, salt and fats 
are seen as a threat to human health.’ (Producers’ association) 
G ‘The function of nitrite is threefold; the colour, antimicrobial (prolonged shelf life), and taste. 
If you search for a solution, you should make sure that it can replace and fulfil all three 
criteria.’ (Producers’ association) 
H ‘The objective should be set at without nitrite. Then, you can communicate to the consumer. 
Nitrite is not necessary for health, it has no nutritional value; it is there just for technological 
function. Claiming that nitrite has been reduced is claiming that there is still nitrite in the 
product. Only a complete elimination would do the job for consumers’ perception.’ 
(Producers’ association) 
I ‘The difficult part is about the colour. Substances like beetroot juice give a red colour, but is 
that a colour of meat? Because that pink is a special colour. There is a pink colour astaxanthin, 
but it is not heat stable. With the present state of knowledge, it is not wise to completely 
eliminate nitrite. Consumers might think that they are buying tainted junk.’ (Food expert) 
Replacement of nitrite by the addition of phytochemicals in meat products 
J ‘If you eliminate nitrite and replace it with natural substances. Then you have a story (it is 
meaningful), but if the nitrite can only be replaced by 24 different additives and with E-
numbers, then it may not work.’ (Producers’ association) 




K ‘(Adding vegetable with nitrate as an indirect addition of nitrite) That is not nitrite reduction, 
you are not adding vegetables but adding nitrite indirectly through them. This is to deceive 
the Federal Agency. We have mentioned for a hundred times that it is prohibited, but yes, it is 
very difficult.’ (Government) 
L ‘We would better do it (addition of phytochemicals) in bread, because we consume more 
bread than meat! If you would really want to have an effect on the public.’ (Producers’ 
association) 
Responsibility to improve the healthfulness of meat products 
M ‘If you want to make a long-term plan, then the government should be involved.’ (Retailer) 
N ‘if we do not give the same message to the media, then it may become a problem, a 
fragmented message. We need to make sure that only uniform messages are communicated.’ 
(Food communication organization) 
Communication about nitrite reduction 
O ‘The meat on the market was healthy, but it was the communication that was wrong and gave 
the meat an unhealthy image!’ (Retailers’ association) 
P ‘Once 10% of the products on the market are without nitrite and the other 90% are with 
nitrite, then the communication would be like saying that the 90% is bad.’ (Producers’ 
association) 
Q ‘Once something frequently appears in the media, then there would be polarization. People 
would either support or go against it. The golden mean does not exist anymore. As in the case 
of aspartame, people go against it or heavily defend it, while you cannot say something 
neutral about it.’ (Government) 
Communication about phytochemical addition 
R ‘The communication of polyphenols or flavonoids added is not feasible in my opinion, as 
consumers would perceive it as a drugstore instead of meat.’ (Producers’ association) 
Expected difficulties facing the innovation   
S ‘Now we are engaged in the development of sausage without nitrite, but there is the obstacle 
with undesirable colour, although It is alright in terms of taste.’ (Retailer) 
T ‘Nice sausages or meats require 20 ppm of nitrite, if it would be lowered, grey spots would 
appear and then it results in an unappetizing appearance. Even though the shelf life remains 
the same and the grey spots are not harmful, consumers would not eat it, because it looks 
awful!’ (Producers’ association) 
U ‘In the past, there were applications of plant sterols in sausages, but it was not allowed, 
because the European Union found that the combination of ‘cholesterol-lowering sausages’ it 
is not logical, in which people did not understand.’ (Producers’ association) 
V ‘If you are going to use rosemary extract just because you want to have it (in the meat 
product), then it is alright, but if you want the anti-oxidative effect of rosemary, then it is an 
additive and you need to label it with E-numbers.’ (Producers’ association) 
 
232 
W ‘Tomatoes have eight E-numbers, but it is not on the label and consumers do not know it. It is 
unfair for some pre-packaged meat. Because of the negative perception about meat, 
consumers think that improper or unhealthy ingredients are in it, no matter whether it is true 
or not.’ (Retailers’ association) 
X ‘If it is a natural substance, it looks good, but once it is included and signalled with an E-
number, it does not look good. Though E-numbers have nothing to do with chemistry, it is still 
different in the perception of consumers.’ (Food communication organization) 
Y ‘Technologically, if you are changing the meat colours with juices of fruits, then you have to 
ensure that they are stable throughout the production (and distribution) process (especially 
the heat-stability),’ (Producers’ association) 
Z ‘Cost of the product is important: will consumers pay more? There is no problem, provided 
that it is not much more expensive.’ (Producers’ association) 




Box 2. Consumer reactions towards reformulated meat products, example verbatim quotes  
Meat consumption in general and general interest 
A ‘You could improve cold cuts, 50% of the additives are preservatives, etc. (By leaving those 
substances out) You could make meat healthier.’ (DE) 
B ‘If somebody told me there are less additives in it, I would pay 1€ more (the price per unit was 
not mentioned).’ (DE) 
C ‘The important thing is that they have to convince us, it has to be believable if we are 
expected to pay a higher price.’ (IT) 
D ‘However, only for the quality of the product, and not for the name (brand or trade mark).’ 
(NL) 
E ‘People with more money can then safely eat food with better quality, while the poorer ones 
have to get junk into their bodies. I really disagree with the idea of higher prices for healthier 
products!’ (NL) 
Nitrite in meat products 
F ‘When meat is barbecued wrongly, if meat dives into the flame, it’s the dark crust (burned 
meat) that can trigger cancer.’ (DE) 
G ‘For me, it does not really matter! That regulation is designed to be so strict! It could hardly 
cause harm!’ (NL) 
H ‘If it has been scientifically proven to cause health problems, it should be eliminated.’ (IT) 
I ‘If someone told me there wasn’t nitrate (nitrite) in it, I would say ‘oh, cool’, but it wouldn’t 
be a reason to purchase or not purchase it.’ (DE) 
Acceptance of natural extracts added to meat products 
J ‘I would accept all of them, if I know that it would benefit my health. If it doesn’t impair the 
taste, but benefits health, that wouldn’t be a question.’ (DE) 
K ‘I like coffee, it is delicious, but I do not associate it with a meat dish!’ (NL) 
L ‘Because we don’t know what they are. Which are exotic, which are unknown, then it is not 
used.’ (NL) 
M ‘I think in processed meat products, if you have those antioxidants for keeping it longer than 
it is not so positive.’ (BE) 
Replacement of nitrite by the addition of phytochemicals 
N ‘I would actually prefer to find another substance, which is without a carcinogenic 
component, but serves the same function.’ (NL)  
O ‘It is better in any case than the addition of those chemicals that we are forced to use now 




P ‘If it is on a natural basis, it’s always better. I think if it’s healthy, I could even go with that 
Cochineal insect.’ (DE) 
Q ‘These compounds should be avoided generally.’ (DE) 
R ‘I think that it is more indicated for people who are on diet, and so the addition of these 
natural extracts should free them from certain diseases.’ (IT) 
S ‘When my favourite piece of sausage or my favourite ‘fricandon’ (meat loaf) is suddenly with 
‘now added with...’ and I have no idea what it is. I think I will be waiting until I am sure that it 
has no bad impact, because it is something completely new that they have found.’ (BE) 
Communication about nitrite reduction and/or natural extract addition 
T ‘I always have the impression, I always think if they have so many figures and numbers, it 
indicates that they want to hide something and we may not know what it is,’ and a German 
consumer said, ‘If there are too many E-labelled substances in it, I do not buy it.’ (BE) 
U ‘Especially if you say that it might be carcinogenic, about nitrite or another substance, the 
information must be disclosed.’ (NL) 
V ‘The question is about the dosage to be harmful. If you have to eat 10 kilograms of ham to 
have the effect on health, then you do not have to inform it, but if it has damaging effects on 
health even with small amounts, then you definitely have to inform consumers.’ (DE) 
W ‘Besides the ingredients, the percentage of animal meat used and the amount of nitrites in 
the quantity used should be provided on meat products, at least I am notified.’ (IT) 
X ‘Everything that says ‘enriched with’ irritates me, because it makes me imagine a product that 
is lacking in some regard so they tried to balance or enrich it with who knows what, and then 
enriched how, so it gives me an idea of product contamination.’ (IT) 
Y ‘Well, maybe some signs make sense, but nowadays there are so many signs out there, that 
you cannot decide, which one is credible and which one is not.’ (DE) 
Z ‘It is the consumer’s job to inform himself. I am sure that this kind of information is available 
somewhere and you can inform yourself about it. The manufacturer has to live from it, he 
needs to sell his products, so it cannot be done by them.’ (DE)  
AA ‘I find that a duty of the government that everything is as healthy as possible on the market.’ 
(BE) 
AB ‘(In order to make me believe) it has to be proven then, for example, a proof by ‘Stiftung 
Warentest’ (consumer/product testing).’ (DE) 
Concerns regarding the reformulated meat products 
AC ‘If they now say: okay, nitrite is harmful, not so healthy. Then they may replace this whole 
raft, but only if it is scientifically proven.’ (BE)  
AD ‘If we have to insert so many substances to replace nitrite, there may also be one or two 
substances giving a negative effect.’ (BE) 
AE ‘These are ingredients that I do not even know, so how can I judge that (to accept it or not)?’ 
(DE) 




AF ‘It is fine with me as long as the addition of natural extract or other ingredients does not end 
up changing the taste, because the taste basically should not be changed.’ (IT) 
AG ‘Replacement of nitrite by natural extracts would be great! It would be convenient, it would 
be good. But I do not really think that these natural extracts can improve preservation. I could 
imagine that if you use these natural extracts or plant based substances, you could decrease 
preservation.’ (DE) 
AH ‘At the start definitely (it will be more expensive), then it depends on the market, on how 
much demand it has, then the costs go down when it has more demand, that is a fairly natural 
process.’ (IT) 
AI ‘I do not know, I am highly sceptical about all that. I do not trust it. I have my doubts about 
the credibility of this labelling information.’ (DE) 




Appendix 6.A Scales and items included in this study, and constructs’ Cronbach’s alpha 
internal consistency coefficients. 
Scale items used in this study 
On 5-point Likert scales: (1) Totally disagree (3) Neither agree nor disagree (5) Totally agree 
Cronbach’s 
alpha 
1. Attitudes towards reformulated meat products 0.93 
In my opinion, new processed meat products with natural compounds and a reduced level of 
nitrite are … 
healthy 
of high quality 
safe 
nutritious   
tasty 
 
2. Preference for natural over chemical additives in food including meat 0.74 
Replacing chemical food additives with green tea extract makes meat products healthier 
Replacing chemical food additives with fruit extracts with vitamin C does make meat 
products healthier 
Replacing chemical food additives with natural food additives offers a solution to prevent 
diet-related diseases 
Natural food additives are safer than chemical ones 
Meats made with only natural food additives are of higher quality than the ones made 
with chemical food additives 
 
3. Perceived harmfulness of chemical additives 0.65 
Meat products containing chemical food additives are harmful to human health 
Meat products containing nitrite are harmful to human health 
The use of chemical food additives is a cheap way to disguise taste or colour of low-quality 
meats 
 
4. Risk importance 0.67 
I would find a bad choice of meat terrible 
I find it very annoying to make a wrong choice of meat 
I don’t have a lot to lose when I make a bad choice of meat (R) 
 
5. Domain specific innovativeness 0.77 
I buy new foods before other people do  
In general, I am among the first in my circle of friends to buy new foods 
Compared to my friends I buy more new foods 
Even though new foods are available in the store, I do not buy them (R) 
In general, I am the last in my circle of friends to know the trademarks of new foods (R) 
I will not buy new foods, if I have not tasted them yet (R) 
 




6. General health interest 0.83 
The healthiness of food has little impact on my food choices (R) 
I am very particular about the healthiness of food I eat 
I eat what I like and I do not worry much about the healthiness of food (R) 
I always follow a healthy and balanced diet 
It is important for me that my daily diet contains a lot of nutrients such as vitamins and 
minerals 
The healthiness of snacks makes no difference to me (R) 
I do not avoid foods, even if they may raise the risk of certain health problems (R) 
 
7. Purchase intention towards reformulated meat products 0.91 
I plan to try these new meat products with natural compounds instead of nitrite in the 
future 
I will probably buy these new meat products with natural compounds instead of nitrite in 
the future  
I expect to eat these new meat products with natural compounds instead of nitrite in the 
future 
 
(R) indicates reverse scored items 
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Appendix 7.B Protocol of the experimental auction 
Step 1: A unique ID was assigned to each participant to ensure anonymity. Participants were divided 
into three auction groups (5 to 6 participants per group) to avoid over-engaging or disengaging 
behaviours. The monetary incentive for participation was delivered one week after the experiment, 
in order to avoid the house money effect (Thaler & Johnson, 1990).  
Step 2: The auction method was explained in detail including the dominant strategy, in which 
participants were reminded that if a bid higher than their true valuation is submitted, the second 
highest price may be higher than what they are willing to pay. If a bid lower than their valuation is 
submitted, someone else may be the highest bidder, while the highest bidder actually does not have 
to pay the bid submitted but the price of the second highest bid. An example of bidding from an 
auction scenario with a concert ticket was shown. A training auction was conducted using candy bars 
with the same number of rounds as the actual processed meat auction (3 rounds). A different 
product was used for the training, which allowed participants to understand the bidding without 
influencing the actual auction. Although training rounds with unrelated products may have a positive 
correlation with bids submitted in later rounds, Corrigan, Rousu & Depositario (2014) found that 
these anchoring and misconception effects tend to only appear in the first bidding round; repeated 
bidding rounds can mitigate these effects. Therefore, training rounds were included, as well as 
repeated rounds in the actual auctions. In addition, the use of repeated rounds on the same item 
improves auction outcomes, such as reduced preference reversals or bids closer to the induced 
values. This type of improvement is not attributed to price feedback (Corrigan, Drichoutis, Lusk, 
Nayga & Rousu, 2011). Hence, price feedback was not provided between rounds, as it might 
introduce affiliation effects which can influence the individual’s bidding of true value (Lusk & 
Shogren, 2007). 
Step 3: Participants were asked to complete a short questionnaire about their current hunger level 
and time of their last meal or snack with meat, as hunger can influence taste evaluations (e.g. Scott, 
1990; Fantino, 1984), and repeated consumption of the same food can influence its perceived 
pleasantness (e.g. Zandstra, De Graaf, Mela & Van Staveren, 2000). Participants’ hunger level was 
assessed using the Satiety Labeled Intensity Magnitude (SLIM) scale proposed by Cardello, Schutz, 
Lesher and Merrill (2005). It is a bi-directional scale to assess satiety, where participants could 
express their fullness feeling from -100 (greatest imaginable hunger) to 100 (greatest imaginable 
fullness). SLIM is a reliable indicator of participants’ desire to eat because of the hunger level and 




was found to perform well under experimental conditions (Avradinis, Panayiotopoulos & 
Anastassakis, 2013). Participants were asked to indicate the time of their last meal or snack with 
meats with the response items: ‘within the last hour’, ‘within the last three hours’, ‘within the last 24 
hours’ or ‘more than 24 hours ago’. 
Step 4: The actual auction rounds with the prototype processed meats were performed. Participants 
were placed around one of five separate tables and each table consisted of participants from 
different auction groups. They were informed that the bids of their neighbours were irrelevant to 
theirs. Participants were neither allowed to confer nor talk during the actual auction. Depending on 
the sessions that participants attended, participants were subjected to the different treatments (c.f. 
Session 2.2 and 2.3). Participants had to submit three rounds of bidding after every treatment. They 
were reminded that any bidding round could be randomly selected as the final (and binding) auction. 
Step 5: When all bidding rounds had been completed, one of the rounds was then randomly selected 
as the actual auction. The participant who had submitted the highest bid in each auction group paid 
the second highest price to purchase the reformulated meat product.  
Step 6: Participants were required to complete a questionnaire about their personal characteristics 






Appendix 7.C Questionnaire used for sensory evaluation 
An example from Study 1 is shown here, the same questionnaire was used in Study 2 except for the 
names and codes of the prototypes. 
7.C.1 Appearance 
Overall, what do you think about the appearance of cooked sausage 784: in which extent are you 
familiar with the appearance of this product? Please mark one answer only. 
Not at all familiar Slightly familiar  Somewhat familiar Very familiar Extremely familiar 
Overall, what do you think about the glossiness of cooked sausage 784? Please mark one answer only. 
Much too dull Little too dull Just about right  Little too glossy Much too glossy 
Overall, what do you think about the colour of cooked sausage 784? Please mark one answer only. 
Extremely bad Bad  Neither bad nor good Good Extremely good 
Overall, what do you think about the colour intensity of cooked sausage 784? Please mark one answer only. 
Much too pale Little too pale Just about right  Little too dark Much too dark 
 
7.C.2 Smell 
Overall, what do you think about the smell of cooked sausage 784? Please mark one answer only. 
Extremely bad Bad  Neither bad nor good Good Extremely good 
Overall, what do you think about the intensity of meat smell of cooked sausage 784? Please mark one 
answer only. 
Much too weak Little too weak Just about right  Little too strong Much too strong 
 
7.C.3 Taste 
Overall, what do you think about the taste of cooked sausage 784? Please mark one answer only. 
Extremely bad Bad  Neither bad nor good Good Extremely good 
Overall, what do you think about the intensity of meat taste of cooked sausage 784? Please mark one 
answer only. 
Much too weak Little too weak Just about right  Little too strong Much too strong 
  




Overall, what do you think about the saltiness of cooked sausage 784? Please mark one answer only. 
Much too weak Little too weak Just about right  Little too strong Much too strong 
Overall, what do you think about the aftertaste of cooked sausage 784? Please mark one answer only. 
Much too weak Little too weak Just about right  Little too strong Much too strong 
 
7.C.4 Texture 
Overall, what do you think about the texture of cooked sausage 784? Please mark one answer only. 
Extremely bad Bad  Neither bad nor good Good Extremely good 
Overall, what do you think about the firmness of cooked sausage 784? Please mark one answer only. 
Much too soft Little too soft Just about right  Little too firm Much too firm 
Overall, what do you think about the juiciness of cooked sausage 784? Please mark one answer only. 
Much too dry Little too dry Just about right  Little too juicy Much too juicy 
 
7.C.5 In general 





















Overall, which cooked ham do you prefer? Please mark one answer only. 
 Cooked sausage 219 
 Cooked sausage 784 





Appendix 7.D Information presented in the information treatments  
7.D.1 Study 1 (BE, n = 208) 
The differences between the two cooked sausages are as follows: 
 Cooked sausage 219 is the conventional cooked sausage that you can find in the market.  
 Cooked sausage 784 is the new cooked sausage that contains 6 times less preservative 
(E250) compared to Cooked sausage 219.  
 However, you cannot see the differences on the label, because the legislation stated that 
preservative (E250) is labelled regardless of the amount. 
 Since natural compounds (named as ‘Phyto extracts’ on the label) originating from plant 
origin are added in the Cooked sausage 784, preservative (E250) can be partially replaced; 
Phyto extracts serve similar functionality as preservative (E250) such as ensuring food safety, 
sensory quality and shelf life.   
 
7.D.2 Study 2 (NL, n = 107) 
The differences between the two cooked hams are as follows: 
 Cooked ham 428 is the conventional cooked ham that you can find in the market.  
 Cooked ham 936 is the new cooked ham that contains 4 times less preservative (E250) 
compared to cooked ham 428. 
 However, you cannot see the differences on the label, because the legislation states that 
preservative (E250) is to be labelled regardless of the amount present in the product. 
 Since a range of carefully selected natural compounds (indicated as ‘red beet’ and ‘plant 
extracts’ on the label) originating from plant origin are added in the cooked ham 936, 
preservative (E250) can be partially replaced. Red beet and plant extracts serve similar 
functionality as preservative (E250) such as ensuring food safety, sensory quality and shelf 
life.  




Appendix 7.E Sensory evaluation of the two conventional processed meat products 
 BE, Study 1 (n = 208)  NL, Study 2 (n = 107) 
 Conventional cooked sausage  Conventional cooked ham 
 Mean S.D.  Mean S.D. 
Intensity (from 1 to 5)      
Appearance familiarity 3.35 0.99  3.21 0.87 
Colour 3.11 1.09  3.39 0.77 
Smell 3.21 0.86  2.82 0.87 
Taste 3.25 0.92  3.06 0.87 
Texture 3.22 0.92  3.45 0.68 
JAR scales (from -2 to 2)      
Glossiness 0.32** 0.66  -0.21* 0.77 
Colour intensity -0.53** 0.72  -0.39** 0.63 
Intensity of meat smell -0.27** 0.88  -0.44** 0.99 
Intensity of meat taste -0.42** 0.82  -0.13 0.93 
Saltiness 0.22** 0.75  0.39** 0.74 
Aftertaste -0.07 0.88  0.13 0.86 
Firmness -0.03 0.77  -0.08 0.59 
Juiciness -0.08 0.64  -0.20* 0.68 
Hedonic scale (from 1 to 9)      
Overall liking 5.24 2.04  5.12 1.86 
* Indicates that the median is significantly different from 0 (just-about-right) at the 0.05 level based on one-
sample Wilcoxon signed-rank Test; *p < 0.05; **p< 0.001. Means and standard deviations are presented in this 
table, as the medians are often uniform across variables and are less informative. The median test and mean 





Appendix 7.F Association between overall liking and WTP for the reformulated meats and 
participants’ hunger level and time of their last meal or snack with meats 
 BE, Study 1 (n = 208)  NL, Study 2 (n = 107) 
 Reformulated cooked sausage  Reformulated cooked ham 
 
n Overall liking WTP n Overall liking WTP 
Hunger levela  -0.019 0.001  -0.057 -0.082 
The last meal or snack with meatb     
Within the last hour  15 5.47 ± 1.46 1.03 ± 0.43 5 4.80 ± 1.78 0.99 ± 0.83 
Within the last three hours 55 5.44 ± 2.02 0.99 ± 0.49 57 6.37 ± 1.68 1.45 ± 0.71 
Within the last 24 hours 107 5.15 ± 2.15 0.92 ± 0.49 40 6.30 ± 1.62 1.29 ± 0.73 
More than 24 hours ago 31 4.97 ± 1.96 0.76 ± 0.49 5 5.20 ± 2.17  1.25 ± 0.15 
a Correlation coefficient is reported and no significant correlation is observed at the 0.05 level based on 
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